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(57) Abstract: The present invention relates to SIP 
analogs that have activity as SIP receptor modulating 
agents and the use of such compounds to treat diseases 
associated with inappropriate SIP receptor activity. 
. . . The compounds have the general structure of Formula 

( I ) (I) wherein R n is C 5 -Ci 8 alkyl or C 5 -C l8 alkenyl; Q is 

selected from the group consisting of C 3 -C 6 optionally 
substituted cycloalkyl, C 3 -C6 optionally substituted 
heterocyclic, C3-C6 optionally substituted aryl C3-C6 
optionally substituted heteroaryl and -NH(CO)-; R2 
is selected from the group consisting of H, Ci -C4 
alkyl, (Ci -Q alkyl)OH and (Q-C4 alkyl)NH 2 ; R 23 
is H or C1-C4 alkyl, and R l5 is selected from the 
group consisting of hydroxy, phosphonate, and of 
Formula (H) wherein X and R u is selected from the 
group consisting of O and S; or a pharmaceutically 
acceptable salt or tautomer thereof. 
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Compounds Active in Spinigoslne 1-Phosphate Signaling 

US Government Rights 

This invention was made with United States Government support 
under Grant No. NIH R01 GM52722 and NIH R01 CA88994 awarded by National 
Institutes of Health. The United States Government has certain rights in the 
invention. 

Related Applications 

This application claims priority under 35 USC § 1 1 9(e) to US 
Provisional Application Serial Nos. 60/399,545, filed July 30, 2002 and 60/425,595, 
filed November 12, 2002, the disclosures of which are incorporated herein by 
reference. 

Background 

Sphingosine-1 -phosphate (SIP) has been demonstrated to induce many 
cellular effects, including those that result in platelet aggregation, cell proliferation, 
cell morphology, tumor-cell invasion, endothelial cell chemotaxis and endothelial cell 
in vitro angiogenesis. For these reasons, SIP receptors are good targets for 
therapeutic applications such as wound healing and tumor growth inhibition. 
Sphingosine-1 -phosphate signals cells in part via a set of G protein-coupled receptors 
named S1P1, S1P2, S1P3, S1P4, and S1P5 (formerly Edg-1, Edg-5, Edg-3, Edg-6, 
and Edg-8, respectively). These receptors share 50-55% identical amino acids and 
cluster with three other receptors (LPA1, LPA2, and LP A3 (formerly Edg-2, Edg-4 
and Edg-7)) for the structurally-related lysophosphatidic acid (LP A). 

A conformational shift is induced in the G-Protein Coupled Receptor 
(GPCR) when the ligand binds to that receptor, causing GDP to be replaced by GTP 
on the a-subunit of the associated G-proteins and subsequent release of the G-proteins 
into the cytoplasm. The a-subunit then dissociates from the py-subunit and each 
i subunit can then associate with effector proteins, which activate second messengers 
leading to a cellular response. Eventually the GTP on the G-proteins is hydrolyzed to 
GDP and the subunits of the G-proteins ieassociate with each other and then with the 
receptor. Amplification plays a major role in the general GPCR pathway. The 


WO 2004/010949 PCT/US2003/023768 


binding of one ligand to one receptor leads to the activation of many G-proteins, each 
capable of associating with many effector proteins leading to an amplified cellular 
response. 

SIP receptors make good drug targets because individual receptors are 
5 both tissue and response specific. Tissue specificity of the SIP receptors is desirable 
because development of an agonist or antagonist selective for one receptor localizes 
the cellular response to tissues containing that receptor, limiting unwanted side 
effects. Response specificity of the SIP receptors is also of importance because it 
allows for the development of agonists or antagonists that initiate or suppress certain 
10 cellular responses without affecting other responses. For example, the response 

specificity of the SIP receptors could allow for an SIP mimetic that initiates platelet 
aggregation without affecting cell morphology. 

Sphingosine-1 -phosphate is formed as a metabolite of sphingosine in 
its reaction with sphingosine kinase and is stored in abundance in the aggregates of 
1 5 platelets where high levels of sphingosine kinase exist and sphingosine lyase is 

lacking. SIP is released during platelet aggregation, accumulates in serum and is also 
found in malignant ascites. Biodegradation of SIP most likely proceeds via 
hydrolysis by ectophosphohydrolases, specifically the sphingosine 1- phosphate 
phosphohydrolases. 

20 The physiologic implications of stimulating individual SIP receptors 

are largely unknown due in part to a lack of receptor type selective ligands. Therefore 
there is a need for compounds that have strong affinity and high selectivity for SIP 
receptor subtypes. Isolation and characterization of SIP analogs that have potent 
agonist or antagonist activity for SIP receptors has been limited due to the 

'25 complication of synthesis derived from thelackof solubility of SIP analogs- The 

present invention is directed to a series of compounds that are active at SIP receptors. 

Summary of Various Embodiments of the Invention 

One embodiment of the present invention is directed to novel 
30 sphingosine-1 -phosphate analogs, compositions comprising such analogs, and 

methods of using such analogs as agonist or antagonists of sphingosine-l-phosphate 
receptor activity to treat a wide variety of human disorders. SIP analogs of the 
present invention have a range of activities including agonism, with various degrees 
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of selectivity at individual SIP receptor subtypes, as well as compounds with 
antagonist activity at the SIP receptors. More particularly, the SIP analogs of the 
present invention include compounds with the general structure: 

\/ 

/Q\^^(CH 2 )yCR 15 J 

* /V 

R 2 R 3 

5 wherein Q is selected from the group consisting of C3-C6 optionally substituted 

cycloalkyl, C3-C6 optionally substituted heterocyclic, C3-C6 optionally substituted 
aryl, C3-C6 optionally substituted heteroaryl and 

Ri is selected from the group consisting of alkyl, alkenyl, alkynyl, 
10 alkyl(optionally substituted aryl), arylalkyl and arylalkyl(optionally substituted)aryl; 
R n is H, alkyl, alkylaryl or alkyl(optionally substituted aryl); 
R 18 is N, O, S, CH or together with R n form a carbonyl group or a bond; 
WisNH, CH 2 or (CH 2 )nNH (CO); 

R 2 and R 3 are independently selected from the group consisting of H, NH 2 , 
15 Ci-C 6 alkyl, (C1-C4 alkyl)OH, and (C1-C4 alkyl)NH 2 , with the proviso that R 2 and R 3 
are not the same and either R 2 or R3 is NH 2 . 

R^ is selected from the group consisting of H, F, NH 2 , OH, CO2H, C1-C6 
alkyl, (C1-C4 alkyl)OH, and (C1-C4 alkyl)NH 2 ; 

R 24 is selected from the group consisting of H, F, C0 2 H, OH and P0 3 H 2 , or 

—20 — R 23 together with R^and the carbon to which they are. attached form axarbonyl 

group; 

Ris is selected from the group consisting of hydroxy, phosphonate, and 
f/OH 

-x-p. 

X)H; 

wherein R J2 is selected from the group consisting of O, NH and S; 
25 X is selected from the group consisting of O, NH and S; 
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y is an integer ranging from 0-10; n is an integer ranging from 0-4; and 
phannaceutically acceptable salts and tautomers of such compounds, with the proviso 
that Rig and W are not both CH 2 . Selective agonists and antagonists at SIP receptors 
will be useful therapeutically in a wide variety of human disorders. 

5 

Brief Description of the Drawings 

Fig. 1 A-1F are graphic representations of [y- 35 S]GTP binding to 
HEK293T cell membranes (containing different SIP receptors) in response to SIP, 
VPC23019 and VPC23031. Fig. 1A = S1P1 receptor, Fig. IB = S1P3 receptor, Fig. 
10 1C = S1P2 receptor, Fig. ID = S1P4 receptor, Fig. IE = S1P5 receptor, and Fig. IF = 
S 1P3 receptor. Each data point represents the mean of three determinations (CPM = 
counts per minute). 

Fig. 2A-2E are graphic representations of [y- 35 S]GTP binding to 
HEK293T cell membranes (containing different SIP receptors) in response to SIP, 
15 VPC23065 and VPC23069. Fig. 2A - S1P1 receptor, Fig. 2B = S1P3 receptor, Fig. 
2C = S1P2 receptor, Fig. 2D = S1P4 receptor, and Fig. 2E = S1P5 receptor. Each 
data point represents the mean of three determinations (CPM ~ counts per minute). 

Fig. 3A-3E are graphic representations of [y- 35 S]GTP binding to 
HEK293T cell membranes (containing different SIP receptors) in response to SIP, 
20 VPC23075 and VPC23079. Fig. 3A = S1P1 receptor, Fig. 3B = S1P3 receptor, Fig. 
3C = S1P2 receptor, Fig. 3D - S1P4 receptor, and Fig. 3E = S1P5 receptor. Each 
data point represents the mean of three determinations (CPM = counts per minute). 

Fig. 4A-4E are graphic representations of [y- 35 S]GTP binding to 
HEK293T cell membranes (containing different S IP receptors) in response to SIP, 
— - 25- - -VPC23087 andVPC23089 -Fig; 4A = S1P1 -receptor,- Fig, 4B-= S1P3 receptor,- Fig. ~ 
4C = S1P2 receptor, Fig. 4D = S1P4 receptor, and Fig. 4E = S1P5 receptor. Each 
data point represents the mean of three determinations (CPM = counts per minute). 
Fig. 5A and 5B. Fig. 5 A is a graphic representation of [y- 35 S]GTP 
binding to HEK293T cell membranes containing the S1P1 receptor, in response to 
30 SIP, VPC23087 and VPC23087 + SIP. Fig. 5B is a graphic representation of [y- 35 
S]GTP binding to HEK293T cell membranes containing the S1P3 receptor, in 
response to SIP, VPC23089 and VPC23089 + SIP. Each data point represents the 
mean of three determinations (CPM = counts per minute). 
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Figs. 6A-6D are graphic representations of [y- 35 S]GTP binding to 
HEK293T cell membranes (containing different SIP receptors) in response to SIP, 
VPC24289 and VPC24287. Fig. 6A == S1P1 receptor, Fig. 6B - S1P3 receptor, Fig. 
6C - S1P4 receptor, and Fig. 6D = S1P5 receptor. Each data point represents the 
mean of three determinations, wherein the activity of VPC24289 and VPC24287 is 
measured relative to S IP activity at the specific receptor subtype. 

Detailed Description of Embodiments 
Definitions 

In describing and claiming the invention, the following terminology 
will be used in accordance with the definitions set forth below. 

As used herein, the term "purified 9 * and like terms relate to an 
enrichment of a molecule or compound relative to other components normally 
associated with the molecule or compound in a native environment The term 
"purified" does not necessarily indicate that complete purity of the particular 
molecule has been achieved during the process. A "highly purified" compound as 
used herein refers to a compound that is greater than 90% pure. 

As used herein, the term "pharmaceutically acceptable carrier" 
includes any of the standard pharmaceutical carriers, such as a phosphate buffered 
saline solution, water, emulsions such as an oil/water or water/oil emulsion, and 
various types of wetting agents. The term also encompasses any of the agents 
approved by a regulatory agency of the US Federal government or listed in the US 
Pharmacopeia for use in animals, including humans. 

As used herein, the term "treating" includes prophylaxis of the specific 
disorder or condition, or alleviation of the symptoms associated with a specific 
disorder or condition and/or preventing or eliminating said symptoms. 

As used herein, an "effective amount" means an amount sufficient to 
produce a selected effect. For example, an effective amount of an SIP receptor 
antagonist is an amount that decreases the cell signaling activity of the SIP receptor. 
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As used herein, the term 6t halogen" or "halo" includes bromo, chloro, 
fluoro, and iodo. 

The term "haloalkyl" as used herein refers to an alkyl radical bearing at 
least one halogen substituent, for example, chloromethyl, fluoroethyl or 
5 trifluoromethyl and the like. 

The term "Ci-Cn alkyl" wherein n is an integer, as used herein, 
represents a branched or linear alkyl group having from one to the specified number 
of carbon atoms. Typically Ci-Ce alkyl groups include, but are not limited to, methyl, 
ethyl, n-propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, hexyl and the 
10 like. 

The term "C 2 -Cn alkenyl" wherein n is an integer, as used herein, 
represents an olefinically unsaturated branched or linear group having from 2 to the 
specified number of carbon atoms and at least one double bond. Examples of such 
groups include, but are not limited to, 1-propenyl, 2-propenyl, 1,3-butadienyl, 1- 

1 5 butenyl, hexenyl, pentenyl, and the like. 

The term "C 2 -C n alkynyl" wherein n is an integer refers to an 
unsaturated branched or linear group having from 2 to the specified number of carbon 
atoms and at least one triple bond. Examples of such groups include, but are not 
limited to, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, and the like. 

20 The tern "C 3 -Cn cycloalkyl" wherein n = 8, represents cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. 

As used herein, the term "optionally substituted" refers to from zero to 
four substituents, wherein the substituents are each independently selected. Each of 
the independently selected substituents may be the same or different than other 

~25~ substituents. 

As used herein the term "aryl" refers to a mono- or bicyclic 
carbocyclic ring system having one or two aromatic rings including, but not limited 
to, phenyl, benzyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl, and the like. 
"Optionally substituted aryl" includes aryl compounds having from zero to four 
30 substituents, and "substituted aryl" includes aryl compounds having one to three 
substituents, wherein the substituents, including alkyl, halo or amino substituents. 
The term (C 5 -C 8 alkyl)aryl refers to any aryl group which is attached to the parent 
moiety via the alkyl group. 
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The term heterocyclic group" refers to a mono- or bicyclic 
carbocyclic ring system containing from one to three heteroatoms wherein the 
heteroatoms are selected from the group consisting of oxygen, sulfur, and nitrogen. 

As used herein the term "heteroaryl" refers to a mono- or bicyclic 
5 carbocyclic ring system having one or two aromatic rings containing from one to 
three heteroatoms and includes, but is not limited to, faryl, thienyl, pyridyl and the 
like. 

The term "bicyclic" represents either an unsaturated or saturated stable 
7- to 12-membered bridged or fused bicyclic carbon ring. The bicyclic ring may be 
1 0 attached at any carbon atom which affords a stable structure. The term includes, but 
is not limited to, naphthyl, dicyclohexyl, dicyclohexenyl, and the like. 

The term "lower alkyl" as used herein refers to branched or straight 
chain alkyl groups comprising one to eight carbon atoms, including methyl, ethyl, 
propyl, isopropyl, n-butyl, t-butyl, neopentyl and the like. 
15 The terms 16:0, 18:0, 18:1, 20:4 or 22:6 hydrocarbon refers to a 

branched or straight alkyl or alkenyl group, wherein the first integer represents the 
total number of carbons in the group and the second integer represent the number of 
double bonds in the group. 

As used herein, an "SIP modulating agent" refers a compound or 
20 composition that is capable of inducing a detectable change in SIP receptor activity in 
vivo or in vitro (e.g., at least 10% increase or decrease in SIP activity as measured by 
a given assay such as the bioassay described in Example 2). 

As used herein, the term "EC 5 o of an agent" refers to that concentration 
of an agent at which a given activity, including binding of sphingosine or other ligand 

" 25 " of an SIT receptor Md/or a fimctioml activity - 

activity), is 50% maximal for that SIP receptor. Stated differently, the EC 50 is the 
concentration of agent that gives 50% activation, when 100% activation is set at the 
amount of activity of the S IP receptor which does not increase with the addition of 
more ligand/agonist and 0% is set at the amount of activity in the assay in the absence 
30 of added ligand/agonist. 

As used herein, the term "phosphate analog" and "phosphonate 
analog" comprise analogs of phosphate and phosphonate wherein the phosphorous 
atom is in the +5 oxidation state and one or more of the oxygen atoms is replaced with 
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a non-oxygen moiety, including for example, the phosphate analogs phosphorothioate, 
phosphorodithioate, phosphoroselenoate, phosphorodiselenoate, 
phosphoroanilothioate, phosphoianilidate, phosphoramidate, boronophosphates, and 
the like, including associated counterions, e.g., H, NH4, Na, and the like if such 

5 counterions are present. 

The SIP analogs of the present invention contain one or more 
asymmetric centers in the molecule. In accordance with die present invention a 
structure that does not designate the stereochemistry is to be understood as embracing 
all the various optical isomers, as well as racemic mixtures thereof. 

1 0 The compounds of the present invention may exist in tautomeric forms 

and the invention includes both mixtures and separate individual tautomers. For 
example the following structure: 


is understood to represent a mixture of the structures: 


15 \=J and \=/ . 

The term "pharmaceutically-acceptable salt" refers to salts which 
retain the biological effectiveness and properties of the SIP analogs of the present 
invention and which are not biologically or otherwise undesirable. In many cases, the 
20 SIP analogs of the present invention are capable of forming acid and/or base salts by 

virtue of thepresence of amino-and/orearboxyl groups ot.groups similar.the.reJo.. ... 

Pharmaceutically-acceptable base addition salts can be prepared from 
inorganic and organic bases. Salts derived from inorganic bases, include by way of 
example only, sodium, potassium, lithium, ammonium, calcium and magnesium salts. 
25 Salts derived from organic bases include, but are not limited to, salts of primary, 

secondary and tertiary amines, such as alkyl amines, dialkyl amines, trialkyl amines, 
substituted alkyl amines, di(substituted alkyl) amines, tri(substituted alkyl) amines, 
alkenyl amines, dialkenyl amines, trialkenyl amines, substituted alkenyl amines, 
di(substituted alkenyl) amines, tri(substituted alkenyl) amines, cycloalkyl amines, 
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di(cycloalkyl) amines, tri(cycloaBcyl) amines, substituted cycloalkyl amines, 
disubstituted cycloalkyl amine, trisubstituted cycloalkyl amines, cycloaDcenyl amines, 
di(cycloalkenyl) amines, tri(cycloalkenyl) amines, substituted cycloaDcenyl amines, 
disubstituted cycloalkenyl amine, trisubsututedcycloalkenyl amines, aiyl amines, 
5 diaiyl amines, triaryl amines, heteroaiyl amines, diheteroaryl amines, triheteroaryl 
amines, heterocyclic amines, diheterocyclic amines, triheterocyclic amines, mixed di- 
and tri-amines where at least two of the substituents on the amine are different and are 
selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 
10 aryl, heteroaryl, heterocyclic, and the like. Also included are amines where the two or 
three substituents, together with the amino nitrogen, form a heterocyclic or heteroaryl 
group. Examples of suitable amines include, by way of example only, 
isopropylamine, trimethyl amine, diethyl amine, tri(iso-propyl) amine, tri(n-propyl) 
amine, ethanolamine, 2-dimethylaminoethanol, tromethamine, lysine, arginine, 
1 5 histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, 
glucosamine, N-alkylglucamines, theobromine, purines, piperazine, piperidine, 
morpholine, N-ethylpiperidine, and the like. It should also be understood that other 
carboxylic acid derivatives would be useful in the practice of this invention, for 
example, carboxylic acid amides, including carboxamides, lower alkyl carboxamides, 
20 dialkyl carboxamides, and the like. 

Phannaceutically acceptable acid addition salts may be prepared from 
inorganic and organic acids. Salts derived from inorganic acids include hydrochloric 
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts 
derived from organic acids include acetic acid, propionic acid, glycolic acid, pyruvic 
~2~r ~ acid, bxTuic acid, mato^^ 

tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic 
acid, ethanesulfonic acid, p-toluene-sulfonic acid, salicylic acid, and the like. 

Embodiments 

30 One aspect of the present invention is directed to novel SIP analogs 

that have activity as modulators of SIP receptor activity. Modulators of SIP activity 
include agents that have either agonist or antagonist activity at the SIP receptor as 
well as analogs of those compounds that have been modified to resist enzymatic 
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modification (i.e. block modification of the compounds by phosphohydrolases, 
sphingosine lyases or spbingosine kinases), or provide a suitable substrate for 
sphingosine kinases to convert an administered form into a more active form. 

The structure of SIP can be described as a combination of three 
5 regions: the phosphate head group, the linker region, and the tatty acid tail. Through 
structure activity relationships (SAR) of the closely related lysophospholipid, 
lysophosphatidic acid (LPA), it has been determined that the presence of a phosphate 
head group is an important feature to allow binding of SIP to its SIP receptors. 
However, there are exceptions to the requirement for a phosphate head group. In 
1 0 particular a phosphonate, hydroxyl, phosphate or phosphonate group can be 

substituted for the phosphate head group while retaining activity at the SIP receptor. 

Based on the SAR of LPA, the linker region of SIP is anticipated to be 
the area of the molecule that can best accommodate change. Again using the SAR of 
LPA as a lead, it is presumed that presence of a hydrogen bond donor 5 bonds away 
1 5 from the phosphate is important to binding. From a retrosynthetic standpoint, the 
linker region may be seen as a functionalized derivative of L-Serine. 

Due to the long fetty acid chain and charged phosphate head group, 
SIP has an amphipathic nature that makes it extremely insoluble in organic solvents. 
Manipulation of the saturation of the fatty acid chain may compromise aggregate 
20 formation of the molecule, thereby increasing solubility. One important aspect of Ihe 
long chain, however, is the length. GTPyS studies that have been completed thus far 
have demonstrated that an 18 carbon backbone, as is the case in SIP, displays optimal 
activity compared to 16 and 20 carbon backbones, however me long fetty acid chain 
can vary from 8 to 25 carbons and still exhibit activity. 
— Ys - - ' IfiTa^'a^pafeaThafflte-S -stttBochemistry -of lhe-e-2- amii»-inay - 
have an effect on binding as one would expect from a receptor. Hydrogen bonds from 
the phosphate head group and the C-2 amine to adjacent argenine and glutamic acid 
residues on the model receptor have been demonstrated to be important to 
SIP-receptor binding. In accordance with one embodiment an SIP receptor 
30 modulating compound is provided wherein the compound has the general structure: 
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^16 ^Rl7 

W\^/(CH2) y CR 15 or 

^21 R-22 



wherein 

W is CR27R28 or (CH 2 ) n NH (CO); 

wherein R27 and R 28 are independently selected from the group 
5 consisting of H, halo and hydroxy; 

Y is selected from the group consisting of a bond, CR9R10, carbonyl, NH, O or 

S; 

wherein R9 and Rio are independently selected from the group 
consisting of H, halo, hydroxy and amino; 
10 Z is CH 2 , aryl, flourine substituted aryl or heteroaryl; 

R„ and R, 6 are independently selected from the group consisting of Ci-Cig 
alkyl, C 2 -C, 8 alkenyl, C 2 -Ci« alkynyL C 5 -C 18 alkoxy, (CH^OCCH^, C 5 -C 10 
(aryDRzo, C 5 -C 10 (heteroaryDR*,, C5-C10 (cycloalkyl)R 2 o, C5-C10 alkoxyCaryiJRao, C 5 - 
C10 alkoxyOieteroarylJRzo and C5-C10 alkoxy(cycloalkyl)R 20 ; 
~15 wherein R 2 o is H of Ci-Cio~alkyl'; 

Rs is H or halo; 

R n is selected from the group consisting of H, halo, NH 2 , Q-Q, alkyl, Ci-Ce 
alkoxy, Ci-C 6 alkylamino, Ci-Q alkylcyano and Ci-C 6 alkylflrio; 

R2, and R 2 i are both NH 2 ; 
20 R3 is selected from the group consisting of H, Ci-C 6 alkyl, (C-C4 alkyl)OH, 

(C-C4 alkyl)NH 2 , (C,-C 4 alkyl)aryl(Co-C4 alkyl) and (C,-C 4 alkyl)aryloxyaryl(Co-C4 
alkyl); 
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R22 is selected from the group consisting of Ci-C 6 alkyl, (C1-C4 alkyl)OH, (d- 
C 4 alkyl)NH 2 , (C,-Q alkyl)aryl(Co-C4 alkyl) and (C,-C 4 alkyl)aryloxyaryl(Co-C4 
alkyl); 

R 23 is selected from the group consisting of H, F, NH 2 , OH, CO2H, Ci-Ce 
5 alkyl, (C1-C4 alkyipH, and (Q-C 4 alkyl)NH 2 ; 

R 24 is selected from the group consisting of H, F, CO2H, OH and P0 3 H 2 , or 
Ra 3 together with Rm and the carbon to which they are attached form a caibonyl 
group; 

Rts, R 7 andRs are independently selected from the group consisting of O, S, 

10 CHR2& CRje, NRas, and N; 

wherein R 26 is H or C1-C4 alkyl; 
R15 is selected from Ihe group consisting of hydroxy, phosphonate, and 

f/OH 
— x— P. 

^OH; 

wherein R J2 is selected from the group consisting of O, NH and S; 
15 X is selected from the group consisting of O, NH and S; 

y and m are integers independently ranging from 0 to 4; 
p and q are integers independently ranging from 1 to 10; 
n is an integer ranging from 0 to 10; 
or a pharmaceutically acceptable salt or tautomer thereof, wifli the proviso mat W and 

20 Y are not both methylene. 

In one embodiment the present invention is directed to a SIP receptor 

modulating compound is represented by the formula: 

^^A^/(CH2) y CR 15 
R 21 NH 2 

wherein 

25 Z is CH2, aryl or heteroaryl; 

Ri 6 is selected from the group consisting of C r Ci 8 alkyl, C 2 -Ci 8 alkenyl, Ca- 
ds alkynyl, C 5 -Ci 8 alkoxy, (CH 2 )pO(CH2) q , C5-Q0 (aryQRao, C5-C10 (heteroaryl)R2o, 
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C5-C10 (cycloalkyl)R 20 , C5-O0 alkoxy(aryl)R 20 , C5-C10 alkoxy(heteroaryl)R2o and C 5 - 
C10 alkoxy(cycloalkyl)R2o, wherein R 2 o is H or C1-C10 alkyl; 

Rn is selected from the group consisting of H, halo, NH2, C1-C6 alkyl, Ci-Ce 
alkoxy, Ci-Ce alkylamino, Ci-Ce alkylcyano and Ci-C 6 alkylthio; 
5 R21 is selected from the group consisting of NH 2 , OH, C1-C6 alkyl, (C1-C4 

alkyl)OH, (C r C 4 alkyl)NH 2 , (C1-C4 alkyl)aryl(Co-C 4 alkyl) and (C1-C4 
alkyl)aryloxyaryl(Co-C 4 alkyl), with the proviso that R 2 or R 3 is NH 2 ; 

R15 is selected from the group consisting of hydroxy, phosphonate, and 

II /OH 

-x-p. 

^OH; 

10 wherein X and R12 are independently selected from the group 

consisting of O and S; 

R23 is selected from the group consisting of H, F, NH 2 , OH, C0 2 H, C1-C6 
alkyl, (C1-C4 alkyl)OH, and (C1-C4 alkyl)NH 2 ; 

R 24 is selected from the group consisting of H, F, C0 2 H, OH and P0 3 H 2 , or 
1 5 R23 together with R^ and the carbon to which they are attached form a caibonyl 
group; p and q are integers independently ranging from 1 to 10; 
y is an integer ranging from 0 to 4; and 
n is an integer ranging from 0 to 10; 
or a pharmaceutical^ acceptable salt or tautomer thereof. In one embodiment the 
20 compound of Formula II is provided wherein Z is CH 2 , y is 0, n is 1-10, and Rn is H. 
In another embodiment, the compound of Formula TL is provided wherein Z is Cs-Ce 
aryl or C 5 -C 6 heteroaryl, y is 0, n is 0, R n and R* are each H and Ri 6 is selected from 
the group consisting of C 5 -Ci 2 alkyl, C 2 -Ci 2 alkenyl or C5-C12 alkoxy. In another 
embodiment, the compound of Formula II is provided wherein Z is C5-C6 aryl or C 5 - 
25 C 6 heteroaryl, y is 0, n is 0, Rn, R* and R^ are each H, Ri 6 is selected from the group 
consisting of C 5 -Ci 2 alkyl, C 2 -Ci 2 alkenyl or C 5 -Ci 2 alkoxy and R xs is hydroxy. 

In another embodiment of the present invention a SIP receptor 
modulating compound is provided wherein the compound is represented by the 
formula: 
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R <6/ H 
Y—Z ^ 



H 2 N R21 
wherein Z is aryl or heteroaryl; 

R ]6 is selected from the group consisting of C 5 -C 18 alkyl, C5-C18 alkenyl, Cy- 

Ci8 alkynyl andCs-Ci 8 alkoxy; 
5 Y is selected from the group consisting of CHOH, CF 2 , CFH, caibonyL NH, O 

and S; 

W is CR27R 28 , wherein R27 and R 28 are independently selected from the group 
consisting of H, halo and hydroxy; 

R21 is selected from the group consisting ofNH 2 , OH, C1-C6 alkyl, (C1-C4 
10 alkyl)OH, (C,-Q alkyl)NH 2 , (C1-C4 alkyl)aryl(Co-C4 alkyl) and (C,-C 4 
alkyl)aryloxyaryl(Co-C 4 alkyl); 

R 23 is selected from the group consisting of H, F, NH 2 , OH, CO2H, Ci-Ce 
alkyl, (C1-C4 alkyl)OH, and (Ci-C 4 alkyl)NH 2 ; 

R 24 is selected from me group consisting of H, F, COzH, OH and P0 3 H 2 , or 
15 Raa together with R* and the carbon to which they are attached form a carbonyl 
group; 

R 15 is selected from the group consisting of hydroxy, phosphonate, and 

ll>OH 
— X— P 


N OH • 


wherein X and Ri 2 are independently selected from the group 
20 consisting of O and S; and y is an integer ranging from 0 to 4; 

or a pharmaceutically acceptable salt or tautomer thereof. In one embodiment the 
compound of Formula HI is provided wherein Z is Cs-Qi aryl or C 5 -C 6 heteroaryl, R 23 
and R 2 4 are bolh H, R 2 i is selected from the group consisting of OH, C1-C4 alkyl, and 

(C1-C3 alkyl)OH; and y is 0. 

In another emb<)diment, the compound is represented by the formula: 


25 
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wherein Ri6 is selected from the group consisting of C5-C12 alkyl, C5-C12 
alkenyl and C5-C12 alkynyl; 

Y is selected from the group consisting of carbonyl, NH and O; 
5 R 15 is selected from the group consisting of hydroxy, phosphonate, and 

II /OH 

X Pv 

^OH; 

wherein X and R12 are independently selected from the group 

consisting of O and S; 

R21 is selected from me group consisting of Ci-C 6 alkyl, (C1-C4 alkyl)OH and 

10 (Ci<:4alkyl)NH 2 ; 

R23 and R 2 4 are independently selected from the group consisting of H, OH, F, C0 2 H 
or PO3H2 or R 23 together with R24 and the carbon to which they are attached form a 
carbonyl group, as well as pharmaceutically acceptable salts and tautomers thereof. 

In another embodiment, the compound of Formula HI is provided 
1 5 wherein wherein Z is C5-C6 aryl; 

Rie is selected from the group consisting of C5-C18 alkyl and C5-C18 alkenyl; 
Y is selected from the group consisting of CF 2 , CFH, carbonyl, NH, O and S; 
WisCH 2 ; 

R21 is selected from the group consisting of Ci-Q alkyl, (C1-C4 alkyl)OH and 

20 (C1-C4 alkyl)NH 2 ; 

Re and R24 are both H; y is 0; and 

Ris is selected from the group consisting of hydroxy, phosphonate, and 
R12 

II /OH 

— o— P. 

^OH; 

wherein R 12 is O and S ( and in one embodiment Ris is OH), 
25 or a pharmaceutically acceptable salt or tautomer thereof. 
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In another embodiment of the present invention a SIP receptor 
modulating compound is provided wherein the compound is represented by the 
formula: 



Rr 


(CH2) n 


Ml 


1*23 


NH, 


R23 ^24 


/ R7 Rs N ™ 


IV 


or 


/ Rm r^r ^Z" 

^//(CH^4^^(W y CR 15 VI 


^23 ^24 


R 


■11 


wherein 



NH 2 


Ru is selected from the group consisting of C5-C12 alkyl, C5-C12 alkenyl and 

C5-C12 alkynyl; 
10 R29,isHorhalo; 

Rw, R 7 and Rg are independently selected from the group consisting of O, S, 

CHR 2 «, CRae, NR2& andN; 

wherein R 26 is H, F or C1-C4 alkyl; 
R2, is selected from the group consisting of H, NH2, OH, C1-C6 alkyl. (C1-C4 
15 alkyl)OH, (C1-C4 alkyl)NH 2 , (Ci-Q alkyl)aryl(Co-C 4 alkyl) and (C,-C 4 
alkyl)aryloxyaryl(Co-C4 alkyl); 

R, 5 is selected from the group consisting of hydroxy, phosphonate, and 

II /OH 


— X— P. 


s OH- 
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wherein X and R12 are independently selected from the group 
consisting of O and S; 

R23 and R24 are independently selected from the group consisting of H, OH, F, 
C0 2 H, C1-C3 alkyl or PO3H2 or R23 tQgether with R 2 4 and the carbon to which they 
5 are attached form a caibonyl group; 
m is 1 or 0; and 

y is an integer ranging from 0 to 4; 
or a pharmaceutical^ acceptable salt or tautomer thereof. In one embodiment R29 is 
H or F; m is 0; y is 1 or 0; R 2 is selected from the group consisting of H, C1-C6 alkyl 

10 and (C1-C4 aDcyl)OH; Ra 4 is H and R23 is C1-C3 alkyl. In accordance with one 

embodiment of the present invention a compound of Formula IV, V or VI is provided 
wherein R23 and R 29 are both H; m is 0; R25 is CH 2 or CH; R 7 and R* are 
independently selected from the group consisting of O, CH2 or CH, NH, andN; R2, is 
selected from the group consisting of H, F, C1-C4 alkyl and (C1-C4 alkyl)OH; R 2 4 is 

15 selected from the group consisting of H, F, C1-C3 alkyl; and y is 1 or 0. 

In one embodiment of the present invention a SIP receptor modulating 
compound is provided wherein the compound is represented by the formula: 

^23 ^24 

^^R 7 

(CH 2 )~ 


...on 





(CH^^T >^ ^(CH2) y CR 15 



wherein 

20 Ri 1 is selected from the group consisting of C5-C18 alkyl, C5-C18 alkenyl and 

C5-C18 alkynyl; 

R 7 and Rs are independently selected from the group consisting of O, S, NH 

andN; 

R 2 , is selected from the group consisting of H, C1-C6 alkyl, (C1-C4 alkyl)OH, 
25 and(Ci-C 4 alkyl)NH 2 ; 
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R15 is selected from the group consisting of hydroxy, phosphonate, and 
II >OH 

^OH; 

wherein X and R12 are independently selected from the group 
consisting of O and S; 
5 R.23 is selected from the group consisting of H, F and OH; 

R24 is selected from the group consisting of H, F, OH and PO3H2, or R23 
together with R 24 and the carbon to which they are attached form a carbonyl group; 
m is 0; and 

y is an integer ranging from 0 to 4; 
10 or a pharmaceutically acceptable salt or tautomer thereof. 

In one embodiment of the present invention a SIP receptor modulating 
compound is provided wherein the compound is represented by me formula: 

R23 . R 24 

\ \/ 




R 2 

wherein Rn is selected from the group consisting of C5-C12 alkyl, C5-C12 
1 5 alkenyl and C5-C12 alkynyl; 

R 7 and Rg are independently selected from the group consisting of O, S, CH 2 , 

CH,NHandN; 

R 2 and R 3 are independently selected from the group consisting of H, NH 2 , 
- -OHyC-Gs alkyl, (Ci-C 4 alkyl)OH, (C1-C4 alkyl)NH 2 , (C.r.C4.alkyl)aryl(C Q ^4 .. 
20 and (C1-C4 alkyl)aryloxyaryl(Co-C4 alkyl), with the proviso that R 2 and R3 are not the 
same and either R2 or R3 is NH2", 
y is 1 or 0 

Ris is selected from the group consisting of hydroxy, phosphonate, and 
R12 

ll>OH 

— o— P. 

^OH; 

25 wherein R12 is selected from the group consisting of O and S; 
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R 23 is selected from the group consisting of H, F, COzH, C1-C4 alkyl and OH; 
R24 is selected from the group consisting of H, F, C1-C4 alkyl and P0 3 H 2 , or 
Ra3 together with R24 and the carbon to which they are attached form a carbonyl 
group; as well as pharmaceutically acceptable salts or tautomers thereof. 

5 In accordance with one embodiment of the present invention a 

compound of Formula VII is provided wherein R23 is H; R24 is selected from the 
group consisting of H, F, C1-C4 alkyl; and R 7 and R* are independently selected from 
the group consisting of O, NH and N. In another embodiment, a compound of 
Formula VH is provided wherein R33 is H; R2 is NH 2 ; and R 3 is selected from the 

10 group consisting of H, C1-C4 alkyl, (C1-C4 alkyl)OH and (C1-C4 alkyl)NH 2 . 

Alternatively, in one embodiment a compound of Formula VH is provided wherein 
R23 is H; R 3 is NH 2 ; and R2 is selected from the group consisting of H, C r C 4 alkyl, 
(C1-C4 alkyl)OH and (C1-C4 alkyl)NH 2 . In another embodiment, a compound of 
Formula VH is provided wherein R23 is H; R2 is NH 2 ; and R3 is selected from the 

15 group consisting of H, d-C 4 alkyl, (C1-C4 alkyl)OH and (C1-C4 alkyl)NH 2 ; R 24 is 
selected from the group consisting of H, F, C1-C4 alkyl; and R 7 and Rs are 
independently selected from the group consisting of O, NH and N. In another 
embodiment a compound of Formula VII is provided wherein Rn is selected from the 
group consisting of C 5 -Ci 2 alkyl or C 5 -Ci 2 alkenyl; R 7 and R« are independently 

20 selected from the group consisting of O, NH and N; R 2 and R 3 are independently 

selected from the group consisting of H, NH 2 , Ci-Ca alkyl and (C1-C4 alkyl)OH, with 
the proviso that R 2 and R 3 are not the same and either R 2 or R 3 is NH 2 ; y is 0; R i5 is 
hydroxy; R 23 is H; and R w is H, F or C1-C4 alkyl; as well as pharmaceutically 
acceptable salts or tautomers thereof. 

— 25 ' —In* oneembodiment of^thepresent invention a-SIP receptor-modulating 

compound is provided wherein the compound is represented by the formula: 



wherein Rn is selected from the group consisting of C 5 -Ci 2 alkyl, C5-C12 
alkenyl and C 5 -Ci 2 alkynyl; 
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RgisOorN; 

R 2 and R 3 are independently selected from the group consisting of NH 2 , Ci-C 6 
alkyl and (C1-C4 alkyl)OH, wilii the proviso that R 2 and R 3 are not Ihe same and either 
R 2 or R 3 is NH 2 ; 

5 R15 is selected from the group consisting of hydroxy, phosphonate, and 

R12 

H>OH 

-o-p. 

^OH ; 

wherein R12 is selected from the group consisting of 0 and S; 
R23isHorF;and 

R 24 is H, F or C1-C4 alkyl; as well as pharmaceutically acceptable salts or 
10 tautomers thereof. In one embodiment the compound of Formula VHI is provided 
wherein R n is C 5 -C 12 alkyl or C 5 -C 12 alkenyl; Rg is N; R 2 andR 3 are independently 
selected from the group consisting ofNH 2 , CH 3 and (C1-C3 alkyl)OH, with the 
proviso that R 2 and R 3 are not the same and either R 2 or R 3 isNH 2 ; and R15 is 
hydroxy; R 23 is H; and Ra 4 is H or C1-C4 alkyl as well as pharmaceutically acceptable 
15 salts or tautomers thereof. In another embodiment the compound of Formula Vffl is 
provided wherein Rn is C5-C12 alkyl or C 5 -Ci 2 alkenyl; Rg isN; R 2 and R 3 are 
independently selected from the group consisting of NH 2 , CH 3 and (Ci-C 3 alkyl)OH, 
with the proviso that R 2 and R 3 are not the same and either R2 or R 3 is NH 2 ; and R 15 is 
hydroxy; R M is H; and R 24 is H or CH 3 as well as pharmaceutically acceptable salts or 

20 tautomers thereof. 

In one embodiment a SIP receptor modulating compound is provided 

wherein the compound is represented by the formula: 
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wherein R u is C 5 -Ci 8 alkyl or C 5 -Ci 8 alkenyl; 
RsisN; 
5 R 2 isNH 2 ; 

R 3 is CH 3 or (C1-C3 alkyl)OH and R 15 is hydroxy; 
or a pharmaceutical acceptable salt or tautomer thereof. 


10 In accordance with one embodiment an SIP receptor modulating 

compound is provided wherein the compound has the general structure: 

^N^>r xii 
/ ^ / \, 

R 17 R 2 R 3 

wherein Ri is selected from the group consisting of alkyl, alkenyl, 
alkynyl, alkyl(optionally substituted aryl), alkyl(optionally substituted cycloalkyl), 
1 5 arylalkyl, and arylalkyl(optionally substituted)aryl; 

R 12 is O, or Ri and Rj 2 taken together form an optionally substituted 

heteroaryl; 

R l7 is H, C1-C4 alkyl or (CH 2 )aiyl; 
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R 2 and R 3 are independently selected from the group consisting of H, NH^ 
OH, C,-C 6 alkyl, -(C1-C4 alkyl)OH, and -(C1-C4 alkyl)NH 2 ; y is an integer from 1-10, 
and R4 is selected from the group consisting of hydroxyl, phosphate, methylene 
phosphonate, a-substituted methylene phosphonate, phosphate anlogs and 

5 phosphonate analogs or a pharmaceutical^ acceptable salt thereof. In one 

embodiment one of the R 2 and R 3 substituents of Formula XH is NH 2 . Examples of 
pharmaceutical^ acceptable salts of the compounds of the Formula XII include salts 
with inorganic acids, such as hydrochloride, hydrobromide and sulfate, salts with 
organic acids, such as acetate, fumarate, maleate, benzoate, citrate, malate, 

10 methanesulfonate and benzenesulfonate salts, and when a carboxy group is present, 
salts with metals such as sodium, potassium, calcium and aluminium, salts with 
amines, such as triethylamine and salts with dibasic amino acids, such as lysine. The 
compounds and salts of the present invention encompass hydrate and solvate forms. 

In one embodiment, an SIP modulating compound is provided having 

15 the general structure: 


(CH^y R5 



^NH 

NH 2 

wherein Rj is selected from the group consisting of Cg-C 22 alkyl, Cs-C^ 
alkenyl, C8-C22 alkynyl and -(CH 2 ) n -Z-R6; 

R 5 is selected from the group consisting of hydroxyl, phosphonate, a- 
20 substituted methylene phosphonate, phosphate analogs and phosphonate analogs; 

y is an integer ranging from 1 to 4; _ 

nis an integer ranging from 0 to 10; 

Z is selected from the group consisting of cycloalkyl, aryl and heteroaryl; and 
R6 is selected from the group consisting of H, Ci-Ci 2 alkyl, C1-C20 alkoxy, Cr 
25 C 20 alkylthio, and Ci-C 20 alkylamino or a pharmaceutical^ acceptable salt thereof. 
When R 5 is an alpha substituted phosphonate, the alpha carbon can be mono- or di- 
substituted, wherein the substitutions are independently selected from the group 
consisting of H, OH, F, C0 2 H, P0 3 H 2 , or together with the attached carbon, form a 
carbonyl. In one embodiment, Ri is CrC^ alkyl, and more preferably Ci 2 -Ci 6 alkyl, 
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y is 1 or 2 and R$ is hydroxy, phosphate or phosphonate. Alternatively, in one 
embodiment, Rj is -(CH 2 ) n -ZrR$, wherein n is an integer ranging from 1-4, Z is aryl 
and R<> is C1-C10 alkyl; more preferably, Z is phenyl, R5 is hydroxy, phosphate or 
phosphonate, and R* is C6-C10 alkyl. 
5 In another embodiment of the present invention an S 1 P modulating 

compound is provided having the general structure: 

fT R \ 

/(CH^S-jT //\ ^/(CH2) y R4 




or 


NH 2 



(CH^ 


wherein R14 is selected from the group consisting of H, hydroxy, NH 2 , C8-C22 
alkyl, C 8 -C 2 2 alkenyl, C8-C22 alkynyl and -(CEfeVZ-R*; 

R4 is selected from the group consisting of hydroxyl, phosphate, phosphonate, 
15 a-substituted methylene phosphonate, phosphate analogs and phosphonate analogs; 
y is an integer ranging from 1 to 4; 
m is an integer ranging from 0 to 4; 

• ~ - n is an integer ranging -from O.to L0; _ 

Z is selected from the group consisting of cycloalkyl, aryl and heteroaiyl; and 
20 R* is selected from the group consisting of H, C1-C12 alkyl, C1-C20 alkoxy, d- 

C20 alkylthio, and C1-C20 alkylamino; and 

R 7 and Rs are independently selected from the group consisting of O, S and N. 
In one embodiment Ri is selected from the group consisting of C8-C22 alkyl, C8-C22 
alkenyl and C 8 -C22 alkynyl, R» is hydroxyl, phosphate or phosphonate, y is 1 or 2, m 
25 is 0 orl and either R 7 or R« is N; more preferably, Ri is C4-C10 alkyl» R4 is hydroxyl 01 
phosphate, y is 1, m is 0 and R7 and Rs are bothN. 
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The present invention also encompasses compounds of the general 

structure: 



5 wherein R9 is selected from the group consisting of -NRi, and -ORi ; 

Ri is selected from the group consisting of C8-C22 alkyl and 

R 13 

R 6 

wherein R* and Rn are independently selected from the group 
consisting of H, C1-C10 alkyl and C r C 2 o alkoxy and Rio is hydroxy, phosphonate, 

1 0 methylene phosphonate or phosphate, with the proviso that when R9 is -NRi, Rio is 
not phosphate. In one preferred embodiment, R9 is -NRi, R* is C1-C10 alkyl, R13 is H 
and Rio is hydroxy, phosphonate, or methylene phosphonate. 

A GTP[y35 S] binding assay was developed to analyze directly the 
activation of individual SIP receptors, and thus allow the identification of SIP 

1 5 receptor agonists and antagonists as well as determine the relative efficacies and 
potencies at each receptor in a common system. The same results were obtained 

regardless .of whetherfhe recombinant, receptor used exogenous G proteins _ . _ 

(HEK293T cells) or endogenous G proteins (RH7777 cells). In addition, insect Sf9 
cells infected with recombinant baculovixus encoding receptors (e.g. LPA and SIP 

20 receptors) and G proteins can also serve as the source of membranes for the broken 
cells used in the GTPgammaS-35 binding assays. The Sf9 cell and HEK293T cell 
membranes gave similar results. Furthermore, the activities measured in the broken 
cell assay predicted the responses seen in whole cell assays. Thus the primary assay 
used in the present invention for determining compound potency and efficacy is a 
25 valid measure of activity at the S 1 P receptors. 

The GTP[y35 S] binding assay has revealed that the compounds of the present 
invention have the ability to modulate SIP receptor activity (See Examples 2 and 3). 
More particularly, compounds represented by the following formula display activity 
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as modulators of SIP activity. More particularly, such compounds include those 
having the structure 

Y — Z w _ 

| R23 ^24 

W\^(CH 2 ) y CR 15 or 



R 21 


*22 


R23 ft 

R 29 R 7 ^R 8 \/ 


24 


ll ' R * 5 



<0 Ra ». 

wherein 

5 W is CR27R28 or (CltynNH (CO); 

wherein R27 and R 2 8 are independently selected from the group 
consisting of H, halo and hydroxy, 

Y is selected from the group consisting of a bond, CR9R10, carbonyl, NH, O or 

S; 

10 wherein R 9 and Rio are independently selected from the group 

consisting of H, halo, hydroxy and amino; 

Z.isCH 2 , aryl,hal9 substituted aryl or hetero^ 

Rn and Ri6 aie independently selected from the group consisting of Ci-Cis 
alkyl, C2-C18 alkenyl, C 2 -Ci8 alkynyl, C5-C18 alkoxy, (CH 2 ) P 0(CH2) q , C5-C10 
15 (aryl)R 20 , C5-C10 (heteroaryl)R 2 o, C5-C10 (cycloalkyl)R 20 , C5-C10 alkoxy(aryl)R 2 o, C 5 - 
C10 alkoxy(heteroaryl)R 2 o and C5-C10 alkoxy(cycloalkyl)R 2 o; 
wherein R 20 is H or C1-C10 aDcyl; 
R 2 9isHorhalo; 

R 17 is selected from the group consisting of H, halo, NH 2 , C1-C6 alkyl, Ci-Ce 
20 alkoxy, CrC 6 alkylamino, C1-C6 alkylcyano and C1-C6 alkjdthio; 
R 2 and R21 are both NH 2 ; 

R 3 is selected from the group consisting of H, Q-C6 alkyl, (C1-C4 alkyl)OH, 
and(C r C 4 alkyl)NH2; 
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R22 is selected from the group consisting of d-C 6 alkyl, (C1-C4 alkyipH and 
(CrC 4 alkyl)NH 2 ; 

R23 is selected from the group consisting of H, F, CO2H, OH, Ci-Ce alkyl, (Ci- 
C 4 alkyl)OH, and (C r C 4 alkyl)NH 2 ; 
5 R24 is selected from the group consisting of H, F and P0 3 H 2 , or R23 together 

with R24 and the carbon to which they are attached form a carbonyl group; 

R 25j R7 and R« are independently selected from the group consisting of O, S, 
CHR 26 , CHR 26 , NR26 andN; 

wherein R 2 6 is H, F or C1-C4 alkyl; 
10 R15 is selected from the group consisting of hydroxy, phosphonate, and 

II /OH 

-x-p. 

^OH; 

wherein Ri 2 is selected from the group consisting of O, NH and S; 
X is selected from the group consisting of O s NH and S; 
y and m are integers independently ranging from 0 to 4; 
15 p and q are integers independently ranging from 1 to 10; 

n is an integer ranging from 0 to 10; 
or a pharmaceutical^ acceptable salt or tautomer thereof, with the proviso that W and 
Y are not both methylene. 

As described in Example 2 compounds having the general structure 


20 



CH 2 )R4 

R2 

wherein R9 is selected from the group consisting of -NRi, and -ORj, Ri is C 8 - 
C22 alkyl, R 2 andR 3 are independently selected from the group consisting of H and 
NH 2 > wherein at least one of R 2 and R 3 is NH 2 and R4 is phosphate all display 
significant agonist activity at the SIP receptors tested (S1P1, S1P2, S1P3, S1P5), 
25 although none were as potent as SIP itself (See Table 1 of Example 2). However, one 
compound, VPC22135 (wherein R 2 is H, R3 is 1MH 2 , R4 is phosphate and R9 is - 
N(CH 2 )i 3 CH 3 ), approached the potency of SIP at both the human S1P1 and human 
S1P3 receptors. In accordance with one embodiment of the present invention 
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compound VPC22135 is used as a selective agonist of human S1P1 and human S1P3 
receptors. Curiously, this compound has the amino group in the unnatural (R) 
configuration. Its enantiomer, VPC22053, was more than 1 log order less potent at 
both the S1P1 and S1P3 receptors. 
5 An additional series of compounds have shown activity in modulating 

SIP receptor activity, however these compounds also displayed selectivity for certain 
SIP receptor subtypes (See Example 3 and Figures 1-5). Each of these compounds 
(VPC 23019, 23031, 23065, 23069, 23087, 23089, 23075, 23079) are inactive at the 
S1P2 receptor. Compounds VPC23031, 23019, 23089 are inverse agonists 
1 0 (antagonists of the S1P3) receptor, but this inverse agonism becomes agonism when 
1he alkyl chain length is 9 carbons (VPC23079) or 10 (VPC23069). In accordance 
with one embodiment of the present invention an antagonist of SIP activity is 
provided. In particular, a compound having the general structure: 



wherein Ri and Ri i is C4-C12 alkyl and located in the meta or ortho position, 

Q is selected from the group consisting of C 3 -Cs optionally substituted 
cycloalkyl, Q-Ce optionally substituted heterocyclic, C 3 -C 6 optionally substituted aryl 
and C3-C6 optionally substituted heteroaryh 
20 R2 is selected from the group consisting of H, C1-C4 alkyl and (C1-C4 

alkyl)OH; 

R 23 is selected from the group consisting of H, F, C0 2 H, OH, Ci-C 6 alkyl, (Ci- 
C 4 alkyl)OH, and (Ci-C4alkyl)NH 2 ; 
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R24 is selected from the group consisting of H, F and PO3H2, or R23 together 
with R24 and the carbon to which they are attached form a carbonyl group; and 
R15 is selected from the group consisting of hydroxy, phosphonate, and 
R12 

II /OH 
-X-P 

^OH; 

5 wherein X and R12 is selected from the group consisting of O and S; 

or a pharmaceutical^ acceptable salt or tautomer thereof are anticipated to 
have antagonist activity at the S1P3 receptor. In accordance with one embodiment 
the Ri substituent is located in the ortho position on the phenyl ring, and in one 
embodiment the R\ substituent is located in the meta position on the phenyl ring. 

10 However compounds of the general structure 

XI 



(wherein Ri 1 is located in the para position) have exhibited activity as agonists 
of SIP activity. In particular compounds of Formula XI are provided as SIP agonists 
15 wherein R u is C 5 -Ci 8 alkyl or C5-C18 alkenyl; 

Q is selected from the group consisting of C3-C6 optionally substituted 
cycloalkyl, C3-Q optionally substituted heterocyclic, C 3 -C 6 optionally substituted aiyl 
and C3-C6 optionally substituted heteroaryl; 

R2 is selected from tfxe group consisting of H, C1-C4 aDq/1 and (C1-C4 
20 alkyl)OH; 

R 23 is selected from the group consisting of H, F, CO2H, OH, Ci-Ce alkyl, (Cr 
C 4 alkyl)OH, and (d-C 4 alkyl)NH 2 ; 

Rm is selected from the group consisting of H, F and PO3H2, or R2 3 together 
with R24 and the carbon to which they are attached form a carbonyl group; and 
25 R15 is selected from the group consisting of hydroxy, phosphonate, and 

R12 

ll/OH 

-x-p. 

X>H; 
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wherein X and Ru are independently selected from the group consisting of O 

andS; 

or a pharmaceutical^ acceptable salt or tautomer thereof and a 
pharmaceutical^ acceptable carrier. In one embodiment a compound represented by 
5 Formula XI is provided as an SIP agonist wherein 
R H is Cs-Cig alkyl or C5-C18 alkenyl; 
Q is selected from the group consisting of-NH(CO)-, 

0.0.0,0.0,0 

00.0.0 -O 

R 2 is selected from the group consisting of H, C1-C4 alkyl and (C1-C4 
10 alkyl)OH; 

R24 is H; 

R23 is H or C1-C4 alkyl, and 

R 15 is selected from the group consisting of hydroxy, phosphonate, and 

R12 

ll/OH 
-X-P. 

15 wherein X and Ru are independently selected from the group consisting of O 

andS. 

Compounds VPC23065, VPC23087 and VPC23075 are primary 
alcohQls^ i.e.. Rtof formula XI? is hydroxy. .These compounds demonstrate : _ 
significant agonist activity at various SIP receptors. In particular, the S1P4 receptor 

20 binds to the primary alcohol SIP analogs with an EC50 within a log order of the 
phosphorylated compounds. Since S1P4 is present on lymphocytes, the use of the 
primary alcohol analogs may be used for immuno-suppression. In addition, it is also 
hypothesized that me hydroxy moiety of the primary alcohols may be converted to 
phosphates in vivo. Therefore the primary alcohol SIP analogs of the present 

25 invention are all anticipated to serve as prodrug forms of active S 1 P receptor 
modulating compounds. 
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SIP is metabolized by a variety of conceivable routes including 
phosphatases, esterases or transported into cells. The SIP signal at receptors might be 
prolonged if the routes of degradation could be evaded or inhibited by SIP structural 
analogs. The SIP analogs of the present invention can be used, in accordance with 
5 one embodiment, to inhibit or evade endogenous SIP metabolic pathways including 
phosphotases, esterases, transporters and SIP acyl transferases. For example those 
SIP analogs that lack an ester bond would be resistant to degradation by endogenous 
esterases. One embodiment of the present invention is directed to compounds that 
function as a S IP receptor agonists and antagonists that are resistant to hydrolysis by 
10 lipid phosphate phosphatases (LPPs) or are sub-type selective inhibitors of LPPs, and 
in particular are resistant to hydrolysis by sphingosine 1-phosphate phosphohydrolase. 
Previously described SIP mimetics contain a phosphate group, and thus are likely 
susceptible to hydrolysis by LPPs. 

Alpha hydroxy phosphorates are well known phosphate mimetics. For 
1 5 example, the compounds used clinically to treat osteoporosis (pamidronate, 

alendronate) are alpha hydroxy bisphosphonates that are analogs of pyrophosphate. 
SIP analogs can be prepared wherein the phosphate moiety is replaced by an alpha 
substituted phosphorate, wherein the substituents are selected from the group 
consisting of H, OH, F, C0 2 H, P0 3 H 2 or double bonded oxygen. Accordingly, one 
20 aspect of the present invention is directed to lipid phosphate phosphatase resistant SIP 
analogs having the general structures: 
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wherein R9 is selected from the group consisting of-NRi, and -ORi; 

Ri is selected from Hie group consisting of C8-Q2 alkyl, Cg-Cu alkenyl, Cg- 
C22 alkynyl and -(CTbVZ-Rs; 

Ri 1 is -(CH 2 ) n -Z-R6; wherein n is an integer ranging from 0 to 1 0, Z is selected 
5 from the group consisting of aryl and heteroaryl and R5 is selected 
from the group consisting of H, Q-Cio alkyl, C1-C20 alkoxy, C\- 
C20 alkylthio, and C1-C20 alkylamino; 

R2 andR3 are independently selected from the group consisting 
of H, NH 2 , OH, C,-C 6 alkyl, -(C1-C4 alkyl)OH, -(C1-C4 alkyl)NH 2 , - 
10 (C1-C4 alkyl)aryl(Co-€4 alkyl) and -(Ci-Q alkyl)aryloxyaryl(C 0 -C4 alkyl), wherein R 2 
and R3 are not the same and Ra or R3 is NH 2 

y is an integer from 0-10; 

R 14 is selected from the group consisting of 

R, 7 Rn 

I I 
OH; ~P0 2 H 2 ; -OP02H 2 ' 

15 R15 is selected from the group consisting of H, hydroxy, amino, COOH, halo, 

P0 2 H 2 ; or R15 and Rie taken together form a keto group or a methylene group; 

R, 6 is selected from the group consisting of hydroxy, amino, COOH, halo, 

P0 2 H 2 ; or R15 and Ri 6 taken together with the carbon to which they are bound form a 

carbonyl or a methylene group; and 
20 Rn is selected from the group consisting of O, S and NH. In one preferred 
embodiment, R9 is -NRi, wherein R, is C 8 -C 22 alkyl or -(CH 2 ) n -Z-R6, y is 0 or 1, R15 
and Rie are independently H, C1-C4 alkyl or hydroxyl, and R14 is OH. In an 
alternative preferred embodiment the compound has me-general structure: ._ 



'(CH^ ^OR 14 

R 2 Rl5 

25 wherein R9 is selected from the group consisting of -NRi, and -ORi; 

Rj is selected from the group consisting of C8-C22 alkyl, C8-C22 
alkenyl, C 8 -C 22 alkynyl and -(CH 2 )n-Z-R6, wherein n is an integer ranging from 0 to 
10, Z is selected from the group consisting of aryl and heteroaryl and R6 is selected 
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from the group consisting of H, Ci-do alkyl, C1-C20 alkoxy, C1-C20 alkylthio, and Cr 
C20 alkylamino; 

R2 is NH2 or OH; 

y is an integer from 0-10; 

f. 

5 R l4 isHor -P0 2 z ". 

R15 is NH 2 or OH; and 

R n is selected from the group consisting of O, S and NH. In one preferred 
embodiment, R9 is -NRi, wherein R, is C8-C22 alkyl or -(CH 2 )„-Z-R* y is 0 or 1, and 
Rn is O. 

10 LysophosphoUpids such as SIP and LPA, and their phosphate- 

containing analogs, are probably degraded by membrane bound lipid 
ectophosphohydrolases. This activity can be evaded by substituting phosphonate, a- 
substitutedphosphonate, phosphothionate or other phosphate analogs as phosphate 
surrogates. Such compounds might also function as lipid ectophosphohydrolase 
1 5 inhibitors. Further, substitution of small alkyl groups (e.g. C1-C4 alkyl, C1-C3 
alkylalcohol) at C-1 or C-2 might retard lipid ectophosphohydrolase cleavage by 

steric hindrance. 

In accordance with one embodiment an SIP receptor modulating 
compound is provided wherein the compound has the general structure: 

20 



wherein Ri is selected from the group consisting of alkyl, alkenyl, alkynyl, 
alkyl (optionally substituted aryl), alkyl (optionally substituted cycloalkyl), arylalkyl 
and arylalkyl (optionally substituted aryl) R 7 is H, O, or Ri and R 7 taken together 
25 form an optionally substituted C 3 -C 6 heteroaryl or optionally substituted C 3 -C 6 

heterocyclic group; R« is H, C1-C4 alkyl or (CH 2 )aryl; R2 and R 3 are independently 
selected from the group consisting of H, NH 2 , OH, CrC 6 alkyl, -(C1-C4 alkyl)OH, and 
-(C1-C4 aDcyl)NH 2 ; R4 and R5 are independently selected from the group consisting of 
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H, NH 2 , OH, Ci-C 6 alkyl, -(C1-C4 alkyl)OH, and -(C1-C4 alkyl)NH 2 ; Rs is O, NH or 
S. In one embodiment, one of the R 2 and R 3 substituents is NH 2 while the other is 
CH 3 and R^is H. In another embodiment, one of the R2 and R 3 substituents is NH 2 
while the other is H and one of the R4 and R 5 substituents is CH 3 while 1he other is H, 
5 and R* is H. 

In accordance with one embodiment of the invention a compound is 
provided that could be converted by phosphorylation to an SIP receptor modulating 
compound The compound has the general structure: 

r 7 ^ f* 



1 0 wherein Ri is selected from the group consisting of alkyl, alkenyl, alkynyl, 

alkyl (optionally substituted aryl), alkyl (optionally substituted cycloalkyl), arylalkyl 
and arylalkyl (optionally substituted aryl) R 7 is H, O, or Ri and R 7 taken together 
form an optionally substituted C 3 -C 6 heteroaryl or optionally substituted C 3 -Cs 
heterocyclic group; Rs is H, d-C 4 alkyl or (CH 2 )aryl; R 2 and R, are independently 
15 selected from the group consisting of H, NH 2 , OH, Ci-Cs alkyl, -(CVC4 alkyl)OH, and 
-(C1-C4 alkyl)NH 2 ; R* and R 5 are independently selected from the group consisting of 
H, NH 2 , OH, C,-C6 alkyl, -(C1-C4 alkyl)OH, and -(C1-C4 alkyl)NH 2 . In one 
embodiment, one of the R 2 and R 3 substituents isNH 2 while the other is CH 3 and Rs is 
H. In another embodiment, one of the R 2 and R 3 substituents is NH 2 while the other is 
20 H and one of the R4 and R 5 substituents is CH 3 while the other is H, and Rs is H. 

- In accordance with-one embodiment an SIP receptormodulating 

compound is provided wherein the compound has the general structure: 

*5 


H,N 



IX 
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wherein R\ is selected from the group consisting of Ci-Ce alkyl, C1-C6 alkenyl, 
C r C 6 alkynyl, or C r C 6 alkyl, Ci-Ce alkenyl, Ci<?6 alkynyl optionally substituted 
with OH; 

R2 is C5-C10 alkyl, C5-C10 alkoxy, (CH 2 )„0(CH 2 ) m , C5-C10 (optionally 
5 substituted aryl), C5-C10 (optionally substituted heteroaryl), C5-C10 (optionally 
substituted cycloalkyl), C5-C10 alkoxy (optionally substituted aryl), C5-Q0 alkoxy 
(optionally substituted heteroaryl) and C5-Q0 alkoxy (optionally substituted 
cycloalkyl); 

R3 is selected from the group consisting of H, halo, Ci-Ce alkoxy, Ci-Ce alkyl, 
10 (CH 2 ) y NH 2 , (CH 2 )yCyano and CrQ> alkyithio; 

R4 is selected from the group consisting of hydroxy, phosphate, methylene 
phosphonate, a-substituted methylene phosphonate, thiophosphate, thiophosphonate 
and other phosphate anlogs and phosphonate analogs or a pharmaceutically acceptable 
salt thereof; 

15 R 5 is selected from the group consisting of H, halo, C1-C4 alkyl and haloalkyl; 

X is CRsR*; 

Y is selected from the group consisting of CRsR* carbonyl, NH, O or S; 
Rg and R9 are independently selected from the group consisting of H, halo and 
hydroxy, 

20 n and m are integers independently ranging from 5-10, and 

y is an integer ranging from 0-10 with the proviso that X and Y are not both 
methylene. In one embodiment a compound of the Formula IX is provided wherein 
R5 is selected from the group consisting of H, F, methyl and ethyl. In another 
embodiment a compound of the Formula IX is provided wherein X is selected from 

* '25 * tfe group consisting bT CH 2 , CHF; CF 2 , and CHOH. In a further embodiment a 

compound of the Formula IX is provided wherein 

Ri is selected from the group consisting of CH3, CH 2 CH3, CH 2 OH, 
CH 2 CH 2 OH and CH 2 CH 2 CH 2 OH; 

R 2 is C5-C0 alkyl, C5-C10 alkoxy, (CH 2 ) n O(CH 2 ) m , C5-Q0 (optionally 
30 substituted aryl), C5-Q0 (optionally substituted heteroaryl) and C5-C10 (optionally 
substituted cycloalkyl); 

R 3 and R5 are H; 
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R4 is selected from the group consisting of hydroxy, phosphate and 
methylene phosphonate; 

XisCH 2 ; 

Y is selected from the group consisting of carbonyl, NH, O and S; and 
5 n and mare integers independently ranging from 5-10. hi one 

embodiment a compound of Formula IX is provided wherein R\ is -CH 3 , or -CH 2 CH 3 ; 
R 2 is C5-C10 alkyl; R3 and R 5 are H; R4 is hydroxy or phosphate X is CH 2 ; and Y is 
selected from the group consisting of carbonyl, NH and O. 

The present invention also encompasses the pharmaceutically 
10 acceptable salts of the compounds of the Formula IX including salts with inorganic 
acids, such as hydrochloride, hydrobromide and sulfate, salts with organic acids, such 
as acetate, fumarate, maleate, benzoate, citrate, malate, methanesulfonate and 
benzenesulfonate salts, and when a caiboxy group is present, salts with metals such as 
sodium, potassium, calcium and aluminium, salts with amines, such as triethylamine 
1 5 and salts with dibasic amino acids, such as lysine. The compounds and salts of the 
present invention encompass hydrate and solvate forms. 

In one embodiment, an SIP modulating compound is provided having 


the general structure: 



wherein Ri is methyl or ethyl; 

— R 2 is selected from thegroup consisting of CsrCio .aJkyljXCH^OCCHa)^, 

C5-C10 (optionally substituted aryl), C5-C10 (optionally substituted heteroaryl), 
C5-C10 (optionally substituted cycloalkyl), C5-C10 alkoxy (optionally substituted aryl), 
25 C5-C10 alkoxy (optionally substituted heteroaryl) and C5-C10 alkoxy (optionally 
substituted cycloalkyl); 

R4 is OP0 3 H 2 or OH; 

n and m are integers independently ranging from 0 to 10; 
X is a methylene group optionally substituted with one or two fluorine atoms 
30 or a secondary alcohol in either stereoconfiguration; 
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Y is a carbonyl group, -0-, -NH- or a methylene group that is optionally 
substituted with one or two fluorine atoms, or a secondary alcohol in either 
stereoconfiguration, with the proviso that X and Y are not both methylene. In one 
embodiment the compound of Formula X is provided wherein Ri is methyl or ethyl; 
5 R 2 is C5-C10 alkyl or (CH 2 )nO(CH2)m; R4 is OPO3H2 or OH; X is methylene; Y is a 
carbonyl group, -O- or -NH-; and n and m are integers independently ranging from 0 
to 10. More particularly, in one embodiment compounds of Formula X are provided 
wherein Ri is methyl; R* is C 5 -C 8 alkyl and located in the para position; R4 is OPO3H2 
or OH; X is methylene; and Y is a carbonyl group or -NH-. 
10 In accordance with one embodiment, compounds suitable for use in 

accordance with the present invention include: 



wherein Ri is selected from the group consisting of -CH 3 , -CH2CH3, CH2OH, 
1 5 CH2CH2OH; R 3 is selected from the group consisting of H, Ci-C 6 alkoxy and Ci-C 6 
alkyl; Y is selected from the group consisting of CHOH, CF 2 , CFH, carbonyl, NH, O 
and S; and R12 is H, Ci-C 6 alkoxy or C r C 6 alkyl. More particularly, suitable 
compounds include the following compounds: 
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H 2 0 3 PO 


H,N 



* 0 
^ II r= 



\ // 


H 2 0 3 PO 



HO v / jj> _ 



HO \/ H r= 

H2N ^ \J 



structure: 


Ri 


The present invention also encompasses compounds general 


H,N- 


-CHR4 


X 


and 



R i9 --NH 2 . 


wherein Ri and Rn are independently selected from the group consisting of 
Ci-C 12 alkyl, C2-C12 alkenyl, C 2 -Ci 2 alkynyl; 

R, 9 is selected from the group consisting of Ci-C 6 alkyl and (C r C 6 alkyl)OH; 
10 Q is selected from the group consisting of 
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R 2 is C5-Q2 alkyl, C2-C12 aBcenyl (CH^CKCH^, C5-C10 (optionally 
substituted aryl), 

5 C5-C10 (optionally substituted heteroaryl) and C5-C10 (optionally substituted 

cycloalkyl); 

R3 is selected from the group consisting of H, halo, Q-C6 alkoxy, C1-C6 alkyl, 
(CH 2 )nNH2, (CH^cyano and Ci-C 6 alkylthio; 

R4 is selected from the group consisting of hydroxy, 



R 5 is Elected from the ^oup consisting of H, F, methyl or etiiyl; 
X is CH 2 , CHF, CF 2 or CHOH; 

Y is selected from the group consisting of CHF, CF 2 , CHOH, carbonyl, 

15 NH,OorS; 

n and m are integers independently ranging from 0-10, with the proviso that X 
and Y are not both methylene. In one embodiment Ri is methyl or ethyl, R2 is C5-C10 
alkyl, C5-C10 aryl or C5-C10 alkoxy, R3 is H, Ci-C 6 alkoxy or Ci-C 6 alkyl, R4 is as 
defined immediately above, R 5 is H, X is methylene and Y is a carbonyl group, -O- or 
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-NH-; or a pharmaceutical acceptable salt or tautomer thereof. In another 
embodiment Q is selected from the group consisting of 

o o o o 

R 2 and Rn are independently selected from the group consisting of C5-C12 
5 alkyl and C2-C12 alkenyl and R15 is OH. 

The compounds of the present invention are anticipated to be 
high affinity agonists (or antagonists) at various sphingosine I-phosphate receptors of 
the rag 1 family. The compounds of the present invention are also expected to evoke 
lymphopenia when introduced into rodents or humans. Thus the compounds of the 
1 0 invention are immune modulators and are useful in treatment or prophylaxis of 

pathologies mediated by lymphocyte actions including acute or chronic rejection of 
tissue grafts such as organ transplants or graft vs. host disease as well as autoimmune 
diseases. Autoimmunue diseases that could be treated with compounds of the 
invention include, but are not limited to: systemic lupus erythematosus, multiple 
1 5 sclerosis, rheumatoid arthritis, inflammatory bowel diseases including Crohn's disease 
and ulcerative colitis, type I diabetes, uveitis, psoriasis and myasthenia gravis. The 
compounds of the invention are useful also in treating inflammatory disorders such as 
atopic asthma, inflammatory glomerular injury and ischemia-reperfusion injury. 

Compounds of formula XII wherein R15 is hydroxy are primary 
20 alcohols. It is hypothesized that the hydroxy moiety of the primary alcohols is 

converted to phosphates in vivo. Therefore the primary alcohol SIP analogs of the 
present invention are expected to serve as prodrug forms of active SIP receptor 

modulating compounds. Therefore,ia accordance .with one embodiment _ 

pharmaceutical compositions comprising the primary alcohol SIP analogs of the 
25 present invention are administered to treat patients for a variety of ailments or 

conditions, including the use of the compounds for immuno-modulation to prevent or 
diminish tissue graft rejection. 

SIP is metabolized by a variety of conceivable routes including 
phosphatases, esterases or transported into cells. The SIP signal at receptors might be 
30 prolonged if the routes of degradation could be evaded or inhibited by SIP structural 
analogs. The SIP analogs of the present invention can be used, in accordance with 
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one embodiment, to inhibit or evade endogenous SIP metabolic pathways including 
phosphotases, esterases, transporters and SIP acyl transferases. For example those 

SIP analogs that lack an ester bond would be resistant to degradation by endogenous 

esterases. One embodiment of the present invention is directed to compounds that 
5 function as a SIP receptor agpnists and antagonists that are resistant to hydrolysis by 

lipid phosphate phosphatases (LPPs) or are sub-type selective inhibitors of LPPs, and 

in particular are resistant to hydrolysis by sphingosine 1-phosphate phosphohydrolase. 

Previously described SIP mimetics contain a phosphate group, and thus are likely 

susceptible to hydrolysis by LPPs. 
10 Alpha hydroxy phosphonates are well known phosphate mimetics. For 

example, the compounds used clinically to treat osteoporosis (pamidronate, 

alendronate) are alpha hydroxy bisphosphonates that are analogs of pyrophosphate. 

SIP analogs can be prepared wherein the phosphate moiety is replaced by an alpha 

hydroxy phosphonate. Accordingly, one aspect of the present invention is directed to 
1 5 lipid phosphate phosphatase resistant SIP analogs having the general structures of 

Formula IX or I wherein R* or Ri 5 , respectively, are selected from the group 

consisting of 



The compounds of the present invention can be used for immuno- 
modulation as well as in anti-angiogenesis therapy, most particularly as applied in 
therapy of neoplastic disease. In another embodiment the SP1 analogs of the present 
invention are used in the protection of female gonads during radiation therapy such as 
applied to the abdomen in the course of treatment of neoplastic diseases. 
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Lysophospholipids, sphingosine-1 -phosphate (SIP) and 
lysophosphatidic acid (LPA), stimulate cellular proliferation and affect numerous 
cellular functions by signaling through G protein-coupled endothelial differentiation 
gene-encoded (SIP) receptors. Accordingly, the SIP receptor agonists disclosed in 
5 the present invention are anticipated to have utility in a variety of clinical settings 
including but not limited to the acceleration of wound healing (including corneal 
wounds), the promotion of myelination (oligodendrocyte cell function) and for 
immuno-modulation. In particular, LPA has been reported (Balazs et al. Am J Physiol 
Regul Integr Comp Physiol, 2001 280(2):R466-472) as having activity in accelerating 
10 wound closing and increasing neoepithelial thickness. 

In accordance with one embodiment of the present invention a 
pharmaceutical composition comprising one or more of the SIP receptor agonists of 
the present invention is administered to a mammalian species (including humans) to 
enhance wound repair, improve neuronal function or enhance an immune response of 
1 5 that species. It has also been reported that SIP inhibits fibrosis in various organs. 
Accordingly, the SIP receptor agonists of the present invention can be used to 
prevent/treat diseases associated with fibrosis of organs such as pulmonary fibrosis, 
interstitial pneumonia, chronic hepatitis, hepatic cirrhosis, chronic renal insufficiency 
or kidney glomerular sclerosis. In one embodiment a composition comprising an SIP 
20 receptor agonist of the present invention is used to treat wounds, including burns, 
cuts, lacerations, surgical incisions, bed sores, and slow-healing ulcers such as those 
seen in diabetics. Typically the composition is administered locally as a topical 
formulation, however other standard routes of administration are also acceptable. 

In addition it is believed that the SIP analogs of the present invention 

25 - • mobilize lymphocytes- and increase flieir homing to-secondary lymphoid tissues. Thus - 

the present analogs can be used to direct lymphocytes away from transplanted organs 
(allografts) or healthy cells (e.g. pancreatic islets (type I diabetes), myelin sheathing 
(multiple sclerosis)), or other tissues that may be subjected to an undesirable immuno 
response and thus decrease damage to such tissues from the immune system. 
30 In another embodiment, the SIP receptor modulating compounds of 

the present invention are administered to a subject to treat or prevent a disorder of 
abnormal cell growth and differentiation as well as inflammatory diseases. These 
disorders include, but are not limited to, Alzheimer's disease, aberrant corpus luteum 
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formation, osteoarthritis, osteoporosis, anovulation, Parkinson's disease, multiple 
sclerosis, rheumatoid arthritis and cancer. In accordance with one embodiment an 
SIP antagonist is administered to a patient to treat a disease associated with abnormal 
growth. In one embodiment a composition comprising a compound of the general 
5 structure: 

1^ y^24 

CRl5 XI 



. 2 NH 2 

wherein R, i is C5-C18 alkyl or C 5 -Ci 8 alkenyl located in the meta or para 
position; 

Q is selected from the group consisting of C3-C6 optionally substituted 
1 0 cycloalkyl, C 3 -C 6 optionally substituted heterocyclic, C3-C6 optionally substituted aryl 
C 3 -C 6 optionally substituted heteroaryl, CH 2 CH 2 and -NH(CO)-; 

R 2 is selected from the group consisting of H, C1-C4 alkyl and (C1-C4 
alkyl)OH; 

R23 is selected from the group consisting of H, F, CO2H, OH, Ci-Ce alkyl, (d- 
15 C 4 alkyl)OH, and (C r C 4 alkyl)NH 2 ; 

R24 is selected from the group consisting of H, F and PC>3H 2 , or R 23 together 
with R 24 and the carbon to which they are attached form a carbonyl group; and 
R 15 is selected from the group consisting of hydroxy, phosphonate, and 
R12 

ll>OH 

-x-p. 

^OH; 

20 wherein X and R12 is selected from the group consisting of O and S; 

or a pharmaceutical^ acceptable salt or tautomer thereof and 

a pharmaceutical^ acceptable carrier is administered to treat a patient 
suffering from a disease associated with abnormal cell growth. 

In one embodiment the compound of Formula XI is administered to 
25 treat a patient suffering from a disease associated with abnormal cell growth wherein 
Q is selected from the group consisting of-NH(CO)-, 
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w.C-.O.O.D.O 

R24 is H; 

R23isHorCi-C 4 alkyl; 

R15 is selected from the group consisting of hydroxy and 


R12 

II /OH 

"O Pv 

^OH 


wherein R12 is O or S, and in a further embodiment Q is selected from the 
group consisting of 

N--X ("^ N^S </"X 

\=J , \ / , N=N » \=0 ' N=/ 


, and 


R15 is OH; 

10 or a pharmaceutically acceptable salt or tautomer thereof. 

In addition it is believed that the SIP analogs of the present invention 
mobilize lymphocytes and increase their homing to secondary lymphoid tissues. Thus 
the present analogs can be used to direct lymphocytes away from transplanted organs 
(allografts) or healthy cells (e.g. pancreatic islets (type I diabetes), myelin sheathing 

1 5 (multiple sclerosis)), or other tissues that may be subjected to an undesirable immuno 
response and thus decrease damage to such tissues from the immune system. 

In accordance with one embodiment die S I P analogs of the present 
invention are used for immuno-modulation, wherein immuno-modulation refers to an 
affect on the functioning of the immune system and includes lymphocyte trafficking. 

20 In accordance with one embodiment, an SIP analog of the present invention that 

exhibits potent agonist activity at S1P1 is administered to a warm blooded vertebrate, 
including a human, to induce immuno-modulation in a patient in need thereof. In one 
embodiment the SIP analog is specific or has enhanced activity at the S1P1 receptor 
subtype relative to one or more of the other SIP receptor subtypes. 
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In one embodiment of the present invention the SIP analogs of the 
present invention are used as immuno-modulators to alter immune system activities 
and prevent damage to healthy tissue that would otherwise occur in autoimmune 
diseases and in organ transplantation. In particular, the compounds can be 

5 administered to patients as part of the treatment associated with organ transplantation, 
including pancreas, pancreatic islets, kidney, heart and lung transplantations. The 
SIP analogs can be administered alone or in combo with known immuno- 
suppressants such as cyclosporine, tacrolimus, rapamycin, azathioprine, 
cyclophosphamide, methotrexate and corticosteroids such as cortisolo, cortisone, 

10 desoxymetasone, betametasone, desametasone, flunisolide, prednisolone, prednisone, 
amcinomide desonide, methylprednisolone, triamcinolone, and alclometasone. 

Additionally the SIP analogs of the present invention can be 
administered to patients suffering from an autoimmune disease to treat that disease. 
Examples of diseases considered to be autoimmune in nature are: type I diabetes, 

15 systemic lupus erythematosus, multiple sclerosis, rheumatoid arthritis, inflammatory 
bowel disease including colitis and Crohn's disease, glomerulonephritis, uveitis, 
Hashimoto ! s thyroiditis, myasthenia gravis, autoimmune hemolytic anemia, 
autoimmune thrombocytopenic purpura, autoimmune hepatitis and Wegner*s 
granuloma. 

20 In accordance with one embodiment an immuno-modulation therapy is provided for 
treating mammals, including humans, in need thereof. The method comprises the 
steps of administering to said mammal an effective amount of a compound 
represented by the formula: 
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wherein 

W is CR27R28 or (CH 2 )nNH (CO); 

wherein R27 and R28 are independently selected from the group 
5 consisting of H, halo and hydroxy; 

Y is selected from the group consisting of a bond, CR9R10, carbonyl, NH, O or 

S; 

wherein R9 and Rio are independently selected from the group 
consisting of H, halo, hydroxy and amino; 
10 Z is CH 2 , aryl, halo substituted aryl or heteroaryl; 

Rn and Ri6 are independently selected from the group consisting of Ci-Cig 
alkyl, C2-C18 alkenyl, C 2 -Ci 8 alkynyl, C5-C18 alkoxy, (CH 2 )pO(CH2) q , C 5 -€io 
(aryl)R20, C5-C10 (heteroaryl)R2o, C5-C10 (cycloalkyl)R 20 , C5-C10 alkoxy(aryl)R 2 o, C 5 - 
C10 alkoxy(heteroaryl)R 20 and C5-C10 alkoxy(cycloalkyl)R2o; 
15 wherein R 2 o is H or C1-C10 alkyl; 

R29 is H or halo; 

Rn is selected from the group consisting of H, halo, NH 2 , CpC6 alkyl, C1-C6 
alkoxy, C1-C6 alkylamino, C1-C6 alkylcyano and Ci-Q alkylthio; 

R 2 and R21 are both NH2; 
20 R3 is selected from the group consisting of H, C r C 6 alkyl, (C1-C4 alkyl)OH, 

and(CrC 4 alkyl)NH 2 ; 

R 22 is selected from the group consisting of Ci-C 6 alkyl, (C1-C4 alkyl)OH and 
(Ci-C 4 alkyl)NH 2 ; 
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R23 is selected from the group consisting of H, F, CO2H, OH, Ci-Ce alkyl, (d- 
C 4 alkyl)OH^ and (C r C 4 alkyl)NH 2 ; 

R24 is selected from the group consisting of H, F and PO3H2, or R23 together 
with R24 and the carbon to which they are attached form a carbonyl group; 

R25, R7 and R« are independently selected from the group consisting of O, S, 
CHR26, CHR26, NR26, and N; 

wherein R26 is H, F or C1-C4 alkyl; 

R15 is selected from the group consisting of hydroxy, phosphonate, and 

R12 
II 

-x-p: 


.OH 
X)H : 


1 0 wherein R12 is selected from the group consisting of O, NH and S; 

X is selected from the group consisting of O, NH and S; 
y and m are integers independently ranging from 0 to 4; 
p and q are integers independently ranging from 1 to 10; 
n is an integer ranging from 0 to 10; 
15 or a phannaceutically acceptable salt or tautomer thereof, with the proviso that W and 
Y are not both methylene. In one embodiment the compound has the general 
structure of Formula II-V1I as described herein to treat a patient by suppressing the 
immune system and diminishing damage to healthy tissue that would otherwise occur 
in autoimmune diseases and in organ transplantation. 
20 In one embodiment the immuno-modulating compound has the general 

structure: 


;CH2) oh - 



or 


h l NH 2 


CH 3 (CH ! ),-^Q-^Q|^' R,i 
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wherein R* is selected from the group consisting of C1-C10 alkyl and R 2 
and R3 are independently selected from the group consisting of H, andNBb with the 
proviso that R2 and R3 ate not the same, and either R2 or R3 is NH2; R21 is selected 
from the group consisting of Ci-Ce alkyl, (C1-C4 alkyl)OH and (C1-C4 alkyl)NH 2 ; and 
5 R15 is selected from the group consisting of hydroxy, phosphonate, and 

ll/OH 

-o-p. 

^OH; 

wherein R12 is selected from the group consisting of O, NH and S; as well as 
pharmaceutical^ acceptable salts or tautomers of such compounds. 

The dosage to be used is, of course, dependent on the specific disorder 
10 to be treated, as well as additional factors including the age, weight, general state of 
health, severity of the symptoms, frequency of the treatment and whether additional 
pharmaceuticals accompany the treatment The dosages are in general administered 
several times per day and preferably one to three times per day. The amounts of the 
individual active compounds are easily determined by routine procedures known to 
15 those of ordinary skill in the art 

SIP also acts as a survival factor in many cell types. In particular SIP 
receptor agonists are anticipated to have activity in protecting cells and tissues from 
hypoxic conditions. In accordance with one embodiment the SIP antagonists of the 
present invention are administered to treat cells and tissues exposed to hypoxic 
20 conditions, including injury sustained as a result of ischemia. In accordance with one 
embodiment the SIP analogs exhibiting SIP receptor antagonist activity can be used 
to treat ischemia reperfusion type injury. Interference with the supply of oxygenated 

blood to tissues-is defined as ischemia. The effects of ischemia are known to be - 

progressive, such that over time cellular vitality continues to deteriorate and tissues 
25 become necrotic. Total persistent ischemia, with limited oxygen perfusion of tissues, 
results in cell death and eventually in coagulation-induced necrosis despite 
reperfusion with arterial blood. A substantial body of evidence indicates that a 
significant proportion of the injury associated with ischemia is a consequence of the 
events associated with reperfusion of ischemic tissues, hence the term reperfusion 
30 injury. 
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The present invention is also directed to pharmaceutical compositions 
comprising the SIP receptor modulating compounds of the present invention. More 
particularly, such SIP receptor agonists and antagonists can be formulated as 
pharmaceutical compositions using standard pharmaceutical^ acceptable carriers, 
5 fillers, sotublizing agents and stabilizers known to those skilled in Ihe art 

Pharmaceutical compositions comprising the SIP receptor agonists and/or antagonists 
are administered to an individual in need thereof by any number of routes including, 
but not limited to, topical, oral, intravenous, intramuscular, intra-arterial, 
intramedullary, intrathecal, intraventricular, transdermal, subcutaneous, 
10 intraperitoneal, intranasal, enteral, topical, sublingual, or rectal means. The oral route 
is typically employed for most conditions requiring the compounds of the invention. 
Preference is given to intravenous injection or infusion for the acute treatments. For 
maintenance regimens the oral or parenteral, e.g. intramuscular or subcutaneous, route 
is preferred. In accordance with one embodiment a composition is provided that 
15 comprises an SIP analog of the present invention and albumin, more particularly, the 
composition comprises an SIP analog of the present invention, apharmaceutically 
acceptable carrier and 0.1-1.0% albumin. Albumin functions as a buffer and 
improves the solubility of the compounds. 

The invention also provides a pharmaceutical pack or kit comprising 
20 one or more containers filled with one or more of the ingredients of the 

pharmaceutical compositions of the invention. In accordance with one embodiment a 
kit is provided for treating a patient in need of immuno-modulation. In this 
embodiment the kit comprises one or more of Ihe SIP analogs of the present invention 
and may also include one or more known immuno-supressants. These 
~25 pharmaceuticals can be packaged in a variety of containers, e.g., vials, tubes, 

microliter well plates, bottles, and Ihe like. Other reagents can be included in separate 
containers and provided with the kit; e.g., positive control samples, negative control 
samples, buffers, cell culture media, etc. Preferably, the kits will also include 
instructions for use. 

30 The present invention is also directed to methods for discovering 

agonists and antagonists of the interaction between SIP and the SIP receptor. Such 
compounds are identified by using an assay for detecting SIP receptor activity (such 
as the [y-35 S]GTP binding assay) and assaying for activity in the presence of SIP 
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and the test compound. More particularly, in the method described by Traynor and 
Nahorski, 1995, Mol. Pharmacol. 47: 848-854, incorporated herein by reference, G- 
protein coupling to membranes can be evaluated by measuring the binding of labeled 
GTP. 

5 For example, samples comprising membranes isolated from cells 

expressing an SIP polypeptide can be incubated in a buffer promoting binding of the 
polypeptide to ligand (i.e. SIP), in the presence of radiolabeled GTP and unlabeled 
GDP (e.g., in 20 mM HEPES, pH 7.4, 100 mM NaCl, and 10 mM MgCl^ 80 pM 
35s-GTPyS and 3 pM GDP), with and without a candidate modulator. The assay 

10 mixture is incubated for a suitable period of time to permit binding to and.activation 
of the receptor (e.g., 60 minutes at 30° C), after which time unbound labeled GTP is 
removed (e.g., by filtration onto GF/B filters). Bound, labeled GTP can be measured 
by liquid scintillation counting. A decrease of 10% or more in labeled GTP binding 
as measured by scintillation counting in a sample containing a candidate modulator, 

15 relative to a sample without the modulator, indicates that the candidate modulator is 
an inhibitor of SIP receptor activity. 

A similar GTP-binding assay can be performed without the presence of 
the ligand (i.e. SIP) to identify agents that act as agonists. In this case, ligand- 
stimulated GTP binding is used as a standard. An agent is considered an agonist if it 

20 induces at least 50% of the level of GTP binding induced by SIP when the agent is 
present at 10 uM or less, and preferably will induce a level which is the same as or 
higher than that induced byiigand: - 
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GTPase activity can be measured by incubating cell membrane extracts 
containing an S IP receptor with y3 2 P-GTP. Active GTPase will release the label as 
inorganic phosphate, which can be detected by separation of ftee inorganic phosphate 

5 in a 5% suspension of activated charcoal in 20 mM H3PO4, followed by scintillation 
counting. Controls would include assays using membrane extracts isolated from cells 
not expressing an SIP receptor (e.g., mock-transfected cells), in order to exclude 
possible non-specific effects of the candidate modulator. In order to assay for the 
effect of a candidate modulator on SIP-regulated GTPase activity, cell membrane 

10 samples can be incubated with a ligand (e.g., SIP), with and without the modulator, 
and a GTPase assay can be performed as described above. A change (increase or 
decrease) of 10% or more in the level of GTP binding or GTPase activity relative to 
samples without modulator is indicative of SIP modulation by a candidate modulator. 

Identified S IP receptor agonists and antagonists can be used to treat a 

15 variety of human diseases and disorders, including, but not limited to the treatment of 
infections such as bacterial, fungal, protozoan and viral infections, particularly 
infections caused by HIV-1 or HIV-2; pain; cancers; diabetes, obesity; anorexia; 
bulimia; asthma; Parkinsons disease; acute heart failure; hypotension; hypertension; 
urinary retention; osteoporosis; angina pectoris; myocardial infarction; stroke; ulcers; 

20 asthma; allergy; benign prostatic hypertrophy; migraine; vomiting; psychotic and 
neurological disorders, including anxiety, schizophrenia, manic depression, 

.depression, delirium, d^entia,and severe mentd retention. _ 
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Example 1 

Chemical Syntheses of SIP Analogs 

To develop good mimetics for SIP, a synthetic route was designed that 
had several aspects in mind (Scheme 1). First, butoxycarbonyl protected L-serine was 
5 chosen as starting material primarily because it retrosynthetically resembled the linker 
region of SIP. In addition, the starting material is a cheap and commercially available 
protected amino acid. Secondly, chemodivergence was taken into consideration. 
Coupling of the long chain was performed late in the synthesis so that several chain 
lengths could be prepared from a common intermediate. Another important issue to 
10 address was the overwhelming insolubility of the final compounds. Due to this 
insolubility, the target molecules could not be purified by chromatography or 
crystallization methods, nor could they tolerate a simple workup. It was therefore 
necessary to design a final step that quantitatively generated only the target product, 
and allowed for removal of excess reagents under vacuum. This was accomplished by 
1 5 employing trifluoroacetic acid deprotection at the end of the route. 

The syntheses of the SIP analogs described in the synthetic schemes of 
Example 1 were accomplished using solvents purified by filtration through alumina 
(activity I) and unless otherwise indicated all reactions were conducted at room 
temperature. All reactions were performed under an inert atmosphere and all products 
20 were purified using 230-400 mesh silica gel. Each product was analyzed by thin layer 
chromatography (single spot) and spectroscopic methods including *H NMR, 13 C 
NMR, and mass spectrometry. The assigned structures of the SIP analog? were 
consistent with all spectral data obtained. All final products were obtained as the 
TFA salts. 
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Synthesis of (2S) SIP Analogs VPC22041, 51, 53, and 63 
HcAr^OH BnBr^ r^<VV"0 H 


NOhv!! 


o 


VPC22041: R=NH(CH 2 )nCH 3 
VPC22053: R=0(CH 2 )i 3 CH 3 
VPC22051: R=NH(CH 2 ) 13 CH 3 
VPC22063: R=NH(CH 2 )i 5 CH 3 

Scheme 1 


% Yields 


Compound 

R 

A 

B 

c 

D 

E 

VPC22041 

n-Ci 2 H 25 NH 

100 

100 

91 

33 

100 

VPC22051 

n-Ci^NH 

100 

100 

91 

41 

96 

VPC22053 

n-Ci^Q 

100 

100 

91 

15 

100 

VPC22063 

n-Ci6H 33 lSlH 

i 100 

; ioo 

91 

26 

100 


15 
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Benzyl protection of N-Boc serine. To a stirring solution of N-Boc- 
(L)-Serine (4.87 mmol) in DMF (100 mL) was added cesium carbonate (5.11 mraol) 
and stirring was continued 30 min. Benzyl bromide (5.84 mmol) was then added and 
the resulting solution was stirred 12 h. The reaction mixture was then diluted with 
5 ethyl acetate (25 mL), washed with lithium bromide (3x15 mL), sodium bicarbonate 
(2x15 mL), and brine (2 x 15mL). The organic layer was dried over sodium sulfate. 
The solvent was then removed under reduced pressure and the resulting tan oil was 
purified by flash chromatography, using 1:1 petroleum ether/diethyl ether, to afford 
the product (100%) as a white solid. R f = 0.26 (1:1 petroleum ether/dietiiyl ether). 
10 Phosphorylation of resulting alcohol For phosphorylation, reaction 

is performed in the absence of light, work up and columns are completed with as little 
light as possible. To a solution of the benzyl protected serine (1.98 mmol) in 1:1 
CH 2 C1 2 /THF (50 mL) was added tetrazole (3.96 mmol) and the resulting mixture was 
stirred 30 min. Di-tert-butyl-Kh-isopropylphosphoramidite (3.96 mmol) was men 
15 added and the resulting reaction mixture was stirred 15h. Hydrogen peroxide (7.92 
mmol) was then added and the resulting mixture was stirred 3h, cooled to 0°C, and 
quenched by addition of aqueous Na 2 S 2 0 5 . The resulting solution was diluted with 
ethyl acetate (100 mL) and extracted with 50% aqueous Na 2 S 2 0 5 (2 x 20 mL). The 
organic layer was dried over sodium sulfate and the solvent was removed under 
20 reduced pressure to afford a tan oil. Flash chromatography, using 90: 10 
CHCl 3 /acetone, provided the product (97%) as a clear oil. Rf = 0.67 (90:10 

CHCb/acetone). 

Debenzylation of phosphorylated serine. To a solution of the 
phosphorylated serine (1.55 mmol) in 200 proof ethanol (25 mL) was added a 
~ 25 • cafelytic amount Of palladium on-activated carbon.- To the resulting solutionwas. .. .... 

applied a positive pressure of hydrogen gas and the reaction mixture was stirred 12h. 
The reaction mixture was then filtered through a plug of celite eluting with methanol 
and the solvent was removed under reduced pressure to yield the product (91%) as a 
slightly yellow oil. R f = 0 (90:10 CHCl 3 /methanol). 
30 Coupling of long chain amine with phosphorylated acid. A solution 

of the acid (0.252 mmol), a catalytic amount of 4-dimemylaminopyridine, 1- 
hydroxybenzotriazole hydrate (0.277 mmol), the long chain amine or alcohol (0.252 
mmol), and 15 mL of CHzCh was cooled to 0°C wife stirring. To the resulting 
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solution at 0°C was added dicyclohexylcarbodiimide (0.277 mmol) and Hie mixture 
was allowed to return to rt. with stirring continuing for 12h. The reaction mixture was 
then recooled to 0°C and filtered. The filtrate was washed with sodium bicarbonate (3 
x 10 mL), ammonium chloride (3x10 mL), and the organic layers were dried over 
5 sodium sulfate. The solvent was men removed under reduced pressure and the 
resulting yellow oil was purified by flash chromatography to afford the product. 

VPC22041: 33%, white solid, R f = 0.78 (90:10 CHaj/methanol). 
VPC22051: 41%, white solid, R f = 0.80 (90:10 CHQa/methanol). 
10 VPC22053: 15%, white solid, R f = 0.20 (95:5 CHCVacetone). 

VPC22063: 26%, white solid, R f - 0.79 (90:10 CHCl 3 /methanol). 

Deprotection of N-Boc and phosphate groups. To a stirred solution of 
the protected final product (0.072 mmol) in CH 2 C1 2 (1 mL) was added trifluoroacetic 
15 acid (12.98 mmol) and stirring was continued 4h. Under reduced pressure, solvent 
and excess trifluoroacetic acid were removed affording a brown oil. The oil was 
rinsed with ether and the solvent was removed under vacuum 5 times to afford the 
product 

20 VPC22041: 100%, white solid, R f = 0(90:10 CHajAnelhanol). 

VPC22051: 96%, white solid, R f = 0 (90:10 CHCl 3 /methanol). 
VPC22053: 100%, white solid, R f = 0 (90:10 CHClj/methanol). 
VPC22063: 100%, white solid, R f = 0 (90:10 CHaj/methanol). 


25 


For SIPanalog- VPC22051 the PyBOP coupling proeedure.(asused.in_ 

VPC22135) was used in place of DCC coupling. The product was obtained in 15% 
yield as a clear oil. 
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Synthesis of (2R) SIP Analog VPC22135 

O O _ 

HoXt^O^nT") PyBOP, PIE A RN'^^O'^^) 


68% 


O 

R=(CH 2 ) 13 CH 3 



4 pk 


-r °-f 

tetrazole 
H 2 0 2 
100% 


RN 


2 1 ^ V 0H 

T 56% 
0 VPC22135 


Scheme 2 

CoupUng of long chain amine with protected serine. To a stirring 
5 solution of N-Boc-(D)-Serine-OBn (0.847 mmol) in CH 2 C1 2 (20 mL) was added 

___..^BQPiO_,847.in^ (°; 847 nuno1 ^: After _ 5 """j. 

of stirring, 1-tetradecylamine (0.847 mmol) was added and stirring was continued for 
1 h after which time more 1-tetradecylamine was added (0.254 mmol). Stirring was 
continued for another 3 h and then the reaction mixture was diluted with ethyl acetate 

10 (20 mL) and washed with sodium bicarbonate (3x15 mL), ammonium chloride (2 x 
15mL), and the organic layer was dried over sodium sulfate. Solvents were removed 
under reduced pressure to afford a clear gelatinous solid, which was purified by flash 
chromatography, using 95:5 CHClj/methanol, to afford the product (68%) as a white 
solid. R f = 0.78 (95:5 CHCb/methanol). 
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Benzyl deprotection of coupled product. To a solution of the 
coupled product (0.579 mmol) in200 proof ethanol (15 mL) was added a catalytic 
amountof palladium on activated carbon. To the resulting solution was applied a 
positive pressure of hydrogen gas and the reaction mixture was stirred 12h. The 
5 reaction mixture was then filtered through a plug of celite eluting wnh methanol and 
then the solvent was removed under reduced pressure to yield Ihe product (87%) as a 
clear oil. R f = 0.5 (95:5 CHa 3 /methanol). 

Phosphorylation of resulting alcohol. For phosphorylation, reaction 
is performed in the absence of light, work up and columns are completed with as little 
10 light as possible. To a solution ofthe alcohol (0.474 mmol) in 1:1 CH2CI2/THF (20 
mL) was added tetrazole (0.948 mmol) and the resulting mixture was stirred 30 mia 
Di-tert-butyl-di-isopropylphosphoramidite (0.948 mmol) was then added and the 
resulting reaction mixture was stirred 15h. Hydrogen peroxide (1 .896 mmol) was 
men added and the resulting mixture was men stirred 24h, cooled to 0°C, and 
15 q uenchedbyadditionofaqueousNa 2 S 2 05. The resulting solution was diluted with 
ethyl acetate (50 mL) and washed with sodium bicarbonate (2 x 15 mL), water (1 x 15 
mL), and finally brine (1 x 15mL). The organic layer was dried over sodium sulfate 
and the solvent was removed under reduced pressure to afford a clear oil. Flash 
chromatography, using 90:10 CHCl 3 /acetone, provided the product (100%) as a clear 
20 oil. R,= 0.23 (90:10 CHClj/acetone). 

Deprotection of N-Boc and phosphate groups. To a stirred solution 
of the protected product (0.07 1 mmol) in CKfcCU (1 mL) was added trifluoroacetic 
acid (12.98 mmol) and stirring was continued 4h. Under reduced pressure, solvent 
and excess trifluoroacetic acid were removed affording a brown oiL Rinsed oil with 
25 emer and rombveduhder vacuum 
R f = 0 (90:10 CHCWmethanol). 
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Synthesis of (2R) SIP Analog VPC22157, 173, 199, and 211 

O O _ 

h v?< HN Y°>< 

o ' o 

Ye t lg t orh 


O 

O 



0 a Y- r _/VnV^? pc oh 


HN Y 0. 

o 


Scheme 3 


a) PyBOP, DIEA, 4-hexylaniline, 77% I) H 2 , Pd/C, 84 k 

b) PyBOP, DIEA, 4-octylaniline, 73% j) H 2 , Pd/C, 96 \h 

c) PyBOP, DIEA, 4-decylaniline, 65% k) H 2 , Pd/C. 87% 

d) PyBOP, DIEA, 4-dodecylaniline, 71 % I) H 2 , Pd/C, 90% 

i » . u r\ «*v m) TFA, 100% 

e) Di Bu-di'Pr-phosphoramidite, tetrazole, H 2 Q 2 , ot>/o ^ jpp^ 58% 

f) Di'Bu-di'Pr-phosphoramidite, tetrazole, H 2 0 2 , 60% 0 ) JFA, 75% 

g) Di'Bu-di'Pr-phosphoramidite, tetrazole, H 2 0 2 , 70% p) TFA 1 00% 
hyDi'Bu-^i'Pr-phosphoramidite, tetrazolej H 2 0 2i 9% - - 

VPC22157: R=(CH 2 ) 5 CH 3 (a.e.i.m) 
VPC22173: R=(CH 2 )7CH3 (b,f,j,n) 
VPC22199: R=(CH 2 ) 9 CH 3 (c,g,k,o) 
VPC22211: Rs^H^nCHgCd.h.l.p) 
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Coupling of long chain aniline with protected serine. To a stirring 
solution of N-Boc-(D)-Serine-OBn (0.339 mmol) in CH 2 C1 2 (10 mL) was added 
PyBOP (0.339 mmol) followed by diisopropylethylamine (0.339 mmol). After 5 min. 
of stirring, the aniline (0.339 mmol) was added and stirring was continued for 4 h. 
5 The reaction mixture was then diluted with ethyl acetate (1 0 mL) and washed with 
sodium bicarbonate (3 x 10 mL), ammonium chloride (2 x lOmL), and the organic 
layer was dried over sodium sulfate. Solvents were removed under reduced pressure 
to afford a clear gelatinous solid, which was purified by flash chromatography to 
afford the product. 


10 


15 


VPC22157: 77%, white solid, Rf = 0.80 (90:10 CHClj/acetone). 
VPC221 73: 73%, white solid, Rf = 0.78 (90: 10 CHCl 3 /acetone). 
VPC22199: 65%, white solid, R f = 0.79 (90: 10 CHCl 3 /acetone). 
VPC2221 1 : 71%, white solid, R f - 0.80 (90: 10 CHCVacetone). 


Benzyl deprotection of coupled product. To a solution of the 
coupled product (0.260 mmol) in 200 proof ethanol (10 mL) was added a catalytic 
amount of palladium on activated carbon. To me resulting solution was applied a 
positive pressure of hydrogen gas and me reaction mixture was stirred 12h. The 
20 reaction mixture was then filtered through a plug of celite eluting with methanol and 
then the solvent was removed under reduced pressure to yield the product. 

VPC22157: 85%, clear oil, Rf = 0.50 (95:5 CHCl 3 /methanol). 
VPC22173: 60%, clear oil, Rf = 0.55 (95:5 CHCl 3 /methanol). 

"23 - VPC22199: 70%; clear oil,-Rf= 0:48 (95:5 CHGl 3 /methanol) 

VPC2221 1: 9%, clear oil, Rf = 0.53 (95:5 CHCVmethanol). 

Phosphorylation of resulting alcohol. For phosphorylation, reaction 
is performed in the absence of light, work up and columns are completed with as little 
30 light as possible. To a solution of the alcohol (0.220 mmol) in 1: 1 CH 2 C1 2 /THF (10 
mL) was added tetrazole (0.400 mmol) and the resulting mixture was stirred 30 min. 
Di-tert-butyl-di-isopropylphosphoramidite (0.400 mmol) was then added and the 
resulting reaction mixture was stirred 15h. Hydrogen peroxide (0.800 mmol) was 
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then added and the resulting mixture was then stirred 24h, cooled to 0°C, and 
quenchedby addition of aqueous Na 2 S 2 0 5 . The resulting solution was diluted with 
ethyl acetate (25 mL) and washed with sodium bicarbonate (2 x 10 mL), water (1 x 10 
mL), and finally brine (1 x lOmL). The organic layer was dried over sodium sulfate 
5 and the solvent was removed under reduced pressure to afford a clear oil. Flash 
chromatography provided the product as a clear oil. 

VPC22157: 84%, clear oil, Rf = 0.23 (90: 10 CHCVacetone). 
VPC22173 : 96%, clear oil, R f = 0.30 (90: 10 CHCVacetone). 
10 VPC22199: 87%, clear oil, R f = 0.72 (80:20 CHCVacetone). 

VPC2221 1 : 90%, clear oil, R f = 0.58 (80:20 CHCVacetone). 

Deprotection of N-Boc and phosphate groups. To a stirred solution 
of the protected product (0. 1 62 mmol) in CH 2 C1 2 (2 mL) was added trifluoroacetic 
15 acid(25.96mmol)atKlstirringwascontmued4h. Under reduced pressure, solvent 
and excess trifluoroacetic acid were removed affording a brown oil. Rinsed oil with 
ether and removed under vacuum 5 times to afford the product. 

VPC221 57: 100%, white solid, R f = 0 (90: 10 OTCVmethanol). 
20 VPC22173: 58%, white solid, Rf = 0 (90:10 CHCl 3 /methanol). 

VPC22199: 75%, white solid, Rf = 0 (90:10 CHa^methanol). 
VPC2221 1: 100%, white solid, R f = 0 (90:10 CHQs/melhanol). 
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Synthesis of (2S) SIP Analogs VPC22179 and 181 




o / 

Scheme 4 


a) PyBOP, DIEA, 4-hexylaniline, 43% 

b) PyBOP, DIEA, 4-octylaniline, 60% 

c) TFA, 100% 

d) TFA.100% 

VPC22179: R=NHPh(CH 2 ) 5 CH 3 (a,c) 
VPC22181: R=NHPh(CH 2 ) 7 CH 3 (b.d) 
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Benzyl protection of N-Boc serine. To a stirring solution of N-Boc- 
(L)-Serine (2.44 nunol) in DMF (50 mL) was added cesium carbonate (2.56 mmol) 
and stirring was continued 30 min. Benzyl bromide (2.92 mmol) was then added and 
me resulting solution was stirred 12 h. The reaction mixture was then diluted with 
5 ethyl acetate (15 mL), washed with lithium bromide (3 x 10 mL), sodium bicarbonate 
(2 x 10 mL), and brine (2 x 10 mL). The organic layer was dried over sodium sulfate. 
The solvent was then removed under reduced pressure and the resulting tan oil was 
purified by flash chromatography, using 1:1 petroleum ether/diethyl ether, to afford 
the product (100%) as a white solid. Rf = 0.26 (1:1 petroleum ether/diethyl ether). 
10 Phosphorylation of resulting alcohol. For phosphorylation, reaction 

is performed in the absence of light, work up and columns are completed with as little 
light as possible. To a solution of the benzyl protected serine (2.22 mmol) in 1 : 1 
CH 2 Cl2/THF (100 mL) was added tetrazole (4.43 mmol) and the resulting mixture 
was stirred 30 min. Di-tert-butyl-di-iso]wopylphosphoramidite (4.43 mmol) was then 
15 added and the resulting reaction mixture was stirred 15h. Hydrogen peroxide (8.86 
mmol) was then added and the resulting mixture was stirred 3h, cooled to 0 fl C, and 
quenched by addition of aqueous Na 2 S20 5 . The resulting solution was diluted with 
ethyl acetate (100 mL) and extracted with 50% aqueous NazSjOs (2 x 20 mL). The 
organic layer was dried over sodium sulfate and the solvent was removed under 
20 reduced pressure to afford a tan oil. Flash chromatography, using 90: 10 
CHCU/acetone, provided the product (97%) as a cleat oil. Rf = 0.67 (90:10 

CHCh/acetone). 

Debenzylatlon of phosphorylated serine. To a solution of the 
phosphorylated serine (1.55 mmol) in 200 proof ethanol (25 mL) was added a 

— 25" catalytic'ambuht of palladium on activated carbon; To the resulting solution-was 

applied a positive pressure of hydrogen gas and the reaction mixture was stirred 12h. 
The reaction mixture was then filtered through a plug of celite eluting with methanol 
and the solvent was removed under reduced pressure to yield the product (9 1%) as a 
slightly yellow oil. R f =0 (90:10 CHa 3 /methanol). 
30 Coupling of long chain aniline with phosphorylated acid. To a 

stirring solution of the phosphorylated acid (0.252 mmol) in CH 2 C1 2 (10 mL) was 
added PyBOP (0.252 mmol) followed by diisopropylethylamine (0.252 mmol). After 
5 min. of stirring, the aniline (0.252 mmol) was added and stirring was continued for 
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4 h. The reaction mixture was then diluted with ethyl acetate (10 mL) and washed 
with sodium bicarbonate (3 x 10 mL), ammonium chloride (2 x lOmL), and the 
organic layer was dried over sodium sulfate. Solvents were removed under reduced 
pressure to afford the product 

5 

VPC22179: 43%, white solid, Rf = 0.40 (90:10 CHCl 3 /acetone). 
VPC22181: 60%, white solid, R f = 0.35 (90:10 CHCVacetone). 


10 


15 


Deprotection of N-Boc and phosphate groups. To a stirred solution 
of the protected final product (0.1 17 mmol) in CH 2 C1 2 (1.5 mL) was added 
trifluoroacetic acid (19.48 mmol) and stirring was continued 4h. Under reduced 
pressure, solvent and excess trifluoroacetic acid were removed affording a brown oil. 
The oil was rinsed with ether and the solvent was removed under vacuum 5 times to 
afford the product 

VPC22179: 100%, white solid, R f = 0 (90:10 CHCVmethanol). 
VPC22181: 100%, white solid, R f = 0 (90 :10 CHCl 3 /me1hanol). 


Synthesis of (2R) SIP Analog VPC22277 



R=(CH 2 ) 13 CH 3 
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-I ok \L 


tetrazole HN^O^/ 

h 2 o 2 Y 7^ 

12% 0 


TFA 
100% 


°--OH 


H 2 N 
VPC22277 

a): 1.) DIEA, Isobutylchloroformate 
2.) NaBH 4 , H 2 0, -10°C-»rt 

Scheme 5 

Tosyl protection of the long chain aniline. To a stirring solution of 
the 4-decylaniline (0.428 mmol) in pyridine (3 mL) under inert atmosphere at 0°C 
5 was added tosyl chloride (0.428 mmol). The reaction mixture was warmed to r.t. 
After 20 min., the reaction mixture was diluted with water (10 mL) and ethyl acetate 
(10 mL). The aqueous layer was discarded and the organic layer was washed with IN 
HC1 (3X10 mL), sat. sodium bicarbonate (3 X 10 mL) and brine (2 X 10 mL). The 
organic layer was dried over sodium sulfate and the solvent was removed under 
10 reduced pressure to yield the product (81%) as pink crystals, which needed no further 
purification. R f = 0.82 (90:10 CHCtyacetone). 

Reduction of protected amino acid. At -10°C, under inert 
atmosphere, N-Boc-(D)-Ser-OBz (0.678 mmol) and diisopiopylethylamine (0.678 
mmol) were added to stirring THF (3 mL). Isobutylchloroformate (0.745 mmol) was 
1 5 then slowly added. The reaction mixture was allowed to stir for 1 h until a precipitate 
was observed. The reaction mixture was then filtered and the filtrate was re-cooled to 
-1 0°C. Meanwhile, sodium borohydride (1 .36 mmol) was dissolved in stirring water 
(0.5 mL) under inert atmosphere and this mixture was cooled to -10°C. The original 
reaction mixture was then cannulated into the sodium borohydride mixture slowly and 
20 the newly formed reaction mature was brought to r.t and stirred 1 h. The reaction 


63 


Best Available Copy 


WO 2004/010949 PCT/US2003/023768 

mixture was then quenched by addition of sat. ammonium chloride (5 mL), diluted 
with ethyl acetate (1 5 mL) and the aqueous layer was discarded. The organic layer 
was then washed with sat. ammonium chloride (3X10 mL), sat sodium bicarbonate 
(3 X 10 mL) and finally brine (1 X 10 mL). The organic layer was dried over sodium 
5 sulfate and the solvent was removed under reduced pressure to yield the crude product 
as a white solid. The crude product was purified by flash chromatography, using 
80:20 CHCVacetone, to afford the product (42%) as a white solid R f » 0.48 (80:20 
CHCtyacetone). 

Coupling of aniline with alcohol. To a stirring solution of the aniline 
10 (0.209 mmol) in THF (3 mL) under an inert atmosphere was added triphenylphospine 
(0.254 mmol), the alcohol (0.105 mmol), and finally DEAD (0.209 mmol). The 
reaction mixture was stirred 12 h and then concentrated to a clear oil. Petroleum ether 
was added to the clear oil and solid triphenylphosphine oxide was allowed to settle on 
the bottom of the flask. The clear petroleum ether layer was men pipetted off and 
1 5 concentrated to a clear oil. The crude product was then subjected to flash 

chromatography, using 1:1 petroleum ether/ether, to afford the final product (50%) as 
a white solid. R f = 0.83 (1:1 petroleum ether/ether). 

Tosyl deprotection of the coupled product. Ammonia (20 mL) was 
condensed in a 2-neck round bottom flask equipped with a stirbar and cold finger that 
was cooled to -70°C under an inert atmosphere. Sodium metal (4.27 mmol) was then 
added to the reaction mixture followed by the tosyl protected amine (0.427 mmol) in 
THF (8 mL). The dark blue reaction mixture was stirred for 1 h at -70°C and was 
then quenched with ethanol until the solution was clear/white and the reaction mixture 
was then stirred at r.t. overnight. The reaction mixture was then diluted with ethyl 
25 acetate (20 niL) and washed with sat ammoriiurn chloride (3 X 20 mL),- sat, sodium - 
bicarbonate (3 X 20 mL), and finally brine (1 X 20 mL). The organic layer was dried 
over sodium sulfate and the solvent was removed under reduced pressure to yield the 
crude product as a clear oil. The crude product was purified by flash chromatography, 
using 1:1 ethyl acetate/hexanes, to afford the product (40%) as a white solid. R f = 

30 0.42(1:1 ethyl acetate/hexanes). 

Phosphorylation of resulting alcohol. For phosphorylation, reaction 
is performed in the absence of tight, work up and columns are completed with as little 
light as possible. To a solution of the alcohol (0.1 30 mmol) in 1:1 CHjCVTHFtf 
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mL) was added tetrazole (0.130 mmol) and the resulting mixture was stirred 30 min. 
Di-tert-butyl-di-isopropylphosphoramidite (0.130 mmol) was then added and the 
resulting reaction mixture was stirred 15h. Hydrogen peroxide (30%, 0.044 mL) was 
then added and the resulting mixture was then stirred 24h, cooled to 0°C, and 
5 quenched by addition of aqueous Nai&Os. The resulting solution was diluted with 
ethyl acetate (10 mL) and washed with sodium bicarbonate (2x10 mL), water (1x10 
mL), and finally brine (1 x lOmL). The organic layer was dried over sodium sulfate 
and the solvent was removed under reduced pressure to afford a clear oil. Flash 
chromatography, using 1:1 ethyl acetate/hexanes, provided the product (12%) as a 
10 clear oil. R f = 0.41 (1 : 1 ethyl acetate/hexanes). 

Deprotection of N-Boc and phosphate groups. To a stirred solution 
of the protected final product (0.016 mmol) in CH 2 C1 2 (0.5 mL) was added 
trifluoroacetic acid (6.49 mmol) and stirring was continued 4h. Under reduced 
pressure, solvent and excess trifluoroacetic acid were removed affording a brown oil. 
1 5 The oil was rinsed with ether and the solvent was removed under vacuum 5 times to 
afford the product (100%) as a white solid. R f - 0 (90:10 CHa 3 /methanol). 
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Synthesis of (2R) SIP Analog VPC23031, 19, 65, 69, 75 and 79 

/=\ Pd (dba) 2 , Ph 3 P, Cul r y 

(V^N0 2 + ==— Cn Cn — J/ ' 
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Scheme 6 



VPC23031 VPC23019 
VPC23069* ' VPC23065 
VPC23079 VPC23075 


% Yields 


Compound(s) 

n 

A 

B 

C 

D 

E 

F 

G 

VPC23031 

4 

24 

66 

52 

100 

X 

90 

100 

VPC23019 

6 

100 

85 

90 

95 

X 

56 

92 

VPC23065, 69 

8 

34 

84 

84 

89 

100 

89 

86 

VPC23075, 79 

7 

66 

100 

100 

27 

93 

77 

100 
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Coupling of aryl halide with terminal alkyne. All starting materials 
were thoroughly flushed with nitrogen before the reaction. To a stirring solution of 
the aryl halide (2.01 mmol), bisCdibenzylideneacetone) palladium (0.04 mrnol), 
triphenylphosphine (0.10 mmol), and copper iodide (0.04 mmol) in THF (10 mL) 

5 under inert atmosphere was added the terminal alkyne (2.21 mmol) followed by 
diisopropylemylamine (8.04 mmol). The reaction mixture was then stirred at r.t for 
12 h. The reaction mixture was then diluted with ethyl acetate (15 mL) and washed 
with sodium bicarbonate (3 x 15 mL), ammonium chloride (3 x lSmL) and finally 
brine (IX 15 mL). The organic layer was then dried over sodium sulfate. Solvents 

10 wereremovedunderreducedpressuretoaffordatanoil. Flash chromatography 
provided the final product. 

VPC23031: 24%, yellow oil, R f = 0.61 (90:10 hexanes/ether). 
VPC23019: 100%, yellow oil, Rf = 0.55 (90:10 hexanes/ether). 
15 VPC23065, 69: 66%, yellow oil, Rf = 0.75 (90:10 hexanes/ether). 

VPC23075, 79: 34%, yellow oil, Rf = 0.75 (90:10 hexanes/ether). 

Reduction of the coupled product. To a solution of the coupled 
product (1 .68 mmol) in 200 proof ethanol (10 mL) was added a catalytic amount of 
20 palladium on activated carbon. To the resulting solution was applied a positive 
pressure of hydrogen gas and the reaction mixture was stirred 12h. The reaction 
mixture was then filtered through a plug of celite eluting with methanol and then the 
solvent was removed under reduced pressure to yield the crude product 


25 


30 


" - VPC23031: 66%, yellow solid, Rf = 0.53 (95:5 CHOlj/acetone). • - 

VPC23019: 85%, yellow solid, R f = 0.55 (95:5 CHCl 3 /acetone). 
VPC23065, 69: 84%, yellow solid, R f = 0.79 (95:5 CHCVacetone). 
VPC23075, 79: 100%, yellow solid, Rf = 0.80 (95:5 CHCl 3 /acetone). 

Coupling of long chain aniline with protected serine. To a stirring 
solution of N-Boc-(D)-Serine-OBn (0.740 mmol) in CH 2 C1 2 (20 mL) was added 
PyBOP (0.740 mmol) followed by diisopropylethylamine (0.740 mmol). After 5 min. 
of stirring, the aniline (0.740 mmol) was added and stirring was continued for 4 hours. 
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The reaction mixture was then diluted with ethyl acetate (20 mL) and washed with 1 
N HC1 (3 X 20 mL), sodium bicarbonate (3 X 20 mL), and finally brine (1 X 20 mL), 
and the organic layer was dried over sodium sulfate. Solvents were removed under 
reduced pressure to afford a clear oil, which was purified by flash chromatography to 
5 afford the product. 


VPC23031: 52%, clear oil, Rf = 0.35 (dichloromethane). 
VPC23019: 90%, clear oil, R f = 0.61 (70:30 hexanes/ethyl acetate). 
VPC23065, 69: 84%, clear oil, R f = 0.82 (90: 10 CHCVacetone). 
10 VPC23075.79: 100%, clear oil, R f = 0.92 (90:10 CHCVacetone). 

Benzyl deprotection of coupled product. To a solution of the coupled 
product (0.667 mmol) in 200 proof ethanol (15 mL) was added a catalytic amount of 
palladium on activated carbon. To Ihe resulting solution was applied a positive 
15 pressure of hydrogen gas and the reaction mixture was stirred 12h. The reaction 
mixture was then filtered through a plug of celite eluting with methanol and then the 
solvent was removed under reduced pressure to yield the product 

VPC23031: 100%, clear oil, Rf = 0.27 (70:30 hexanes/ethyl acetate). 
20 VPC23019: 95%, clear oil, R f = 0.28 (70:30 hexanes/ethyl acetate). 

VPC23065, 69: 89%, clear oil, Rf = 0.62 (1 : 1 hexanes/ethyl acetate). 
VPC23075, 79: 27%, clear oil, R f = 0.43 (1:1 hexanes/ethyl acetate). 

Deprotection to afford free alcohol. To a stirred solution of the N- 
-25- - Boc prbtectedaleohol (0:143 mmol) in CH^Ch (2- mL) wasadded-trifluoroacetic acid 
(25.96 mmol) and stirring was continued 4h. Under reduced pressure, solvent and 
excess trifluoroacetic acid were removed affording a brown oil. The oil was rinsed 
with ether and the solvent was removed under vacuum 5 times to afford the product. 

30 VPC23065: 100%, white solid, R f = 0.2 (90: 10 CHa 3 /methanol). 

VPC23075: 93%, white solid, R f = 0.2 (90: 10 CHa 3 /methanol). 
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Phosphorylation of N-Boc protected alcohol. For phosphorylation, 
the reaction is performed in the absence of light, work up and columns are completed 
with as little light as possible. To a solution of the alcohol (0.247 mmol) in 1 :1 
CH 2 C1 2 /THF (15 mL) was added tetrazole (0.495 mmol) and the resulting mixture 

5 was stirred 30 min. Di-tert-butyl-di-isopropylphosphoiamidite (0.495 mmol) was 
then added and the resulting reaction mixture was stirred 15h. Hydrogen peroxide 
(0.989 mmol) was then added and the resulting mixture was then stined 24h, cooled 
to 0°C, and quenched by addition of aqueous Naz&Os. The resulting solution was 
diluted with ethyl acetate (25 mL) and washed with sodium bicarbonate (3x15 mL), 

10 ammonium chloride (3 x 15 mL), and finally brine (1 x 15 mL). The organic layer 
was dried over sodium sulfate and the solvent was removed under reduced pressure to 
afford a clear oil. Flash chromatography provided the product. 

VPC23031: 90%, clear oil, R f = 0.80 (80:20 ether/ethyl acetate). 
15 VPC23019: 56%, clear oil, R f = 0.82 (80:20 ether/ethyl acetate). 

VPC23069: 89%, clear oil, R f = 0.85 (90: 10 ether/ethyl acetate). 
VPC23079: 77%, clear oil, R f = 0.85 (90:10 ether/ethyl acetate). 

Deprotection of N-boc and phosphate groups. To a stirred solution 
20 of the protected product (0.162 mmol) in CH 2 C1 2 (2 mL) was added trifluoroacetic 
acid (25.96 mmol) and stirring was continued 4h. Under reduced pressure, solvent 
and excess trifluoroacetic acid were removed affording a brown oil. Rinsed oil with 
ether and removed under vacuum 5 times to afford the product. 


VPC2303i:' 100%, clear bil,"R f =0 (90:10 CHa 3 /methanol).- 

VPC23019: 92%, clear oil, Rf = 0 (90:10 CHa^methanol). 

VPC23069: 86%, clear oil, R f = 0 (90:10 CHCVmethanol). 

VPC23079: 100%, clear oil, Rf = 0 (90:10 CHQs/melhanol). 
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Synthesis of (2R) SIP Analog VPC23087 and 89: 

ff— \ Pd (dba)2,Ph3P,CuI l! / ^r /NH2 

f V-NH 2 + =s— Ce- 
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Coupling of aryl hallde with terminal alkyne. All starting materials 
thoroughly flushed with nitrogen before the reaction. To a stirring solution of 
the aryl halide (2.01 mmol), bis(dibenzylideneacetone) palladium (0.04 mmol), 
uiphenylphosphine (0^10 mmol), and copper"iodide"(0.04 mmol) in THF (10 mL) 
under inert atmosphere was added the terminal alkyne (2.21 mmol) followed by 
diisopropylethylamine (8.04 mmol). The reaction mixture was then stirred at r.t. for 
12 h. The reaction mixture was then diluted with eflryl acetate (15 mL) and washed 
with sodium bicarbonate (3x15 mL), ammonium chloride (3 x 15mL) and finally 
brine (1X15 mL). The organic layer was then dried over sodium sulfete. Solvents 
were removed under reduced pressure to afford a tan oil. Flash chromatography, 
using 70:30 hexanes/ethyl acetate provided the final product (44%) as a yellow solid. 
Rf = 0.79 (70:30 hexanes/ethyl acetate). 
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Coupling of long chain aniline with protected serine. To a stirring 
solution of N-boc-(D)-Serine-OBn (0.288 tnmol) in CH 2 C1 2 (10 mL) was added 
PyBOP (0.288 mniol) followed by diisopropylethylamine (0.288 mmol). After 5 min. 
of stirring, the aniline (0.288 mmol) was added and stirring was continued for 4 hours. 
5 The reaction mixture was then diluted with ethyl acetate (10 mL) and washed with 1 
N HC1 (3 X 10 mL), sodium bicarbonate (3 X 10 mL), and finally brine (1 X 10 mL), 
and the organic layer was dried over sodium sulfate. Solvents were removed under 
reduced pressure to afford a clear oil. Flash chromatography, using 70:30 
hexanes/ethyl acetate provided the final product (65%) as a clear oil. Rf = 0.64 (70:30 

10 hexanes/ethyl acetate). 

Benzyl deprotection and reduction of coupled product. To a 

solution of the coupled product (0.188 mmol) in 200 proof ethanol (10 mL) was 
added a catalytic amount of palladium on activated carbon To the resulting solution 
was applied a positive pressure of hydrogen gas and the reaction mixture was stirred 
15 12h. The reaction mixture was then filtered through a plug of celite eluting with 

melhanol and then the solvent was removed under reduced pressure to yield the crude 
product as a clear oil. Flash chromatography, using 1:1 hexanes/ethyl acetate 
provided Ihe final product (49%) as a clear oil. Rf = 0.51 (1:1 hexanes/ethyl acetate). 

Deprotection to afford free alcohol To a stirred solution of the N- 
20 Boc protected alcohol (0.025 mmol) in CH 2 C1 2 (1 mL) was added trifluoroacetic acid 
(12.98 mmol) and stirring was continued 4h. Under reduced pressure, solvent and 
excess trifluoroacetic acid were removed affording a brown oil. The oil was rinsed 
wilh ether and the solvent was removed under vacuum 5 times to afford the product 
(100%) as a white solid R f = 0.2 (90:10 CHCVmethanol). 
— 25 " PhbsphofylaHoii of rf-B6c protectcd alcohol. Forphosphorylation, 

reaction is performed in the absence of light, work up and columns are completed 
with as little light as possible. To a solution of the alcohol (0.092 mmol) in 1 :1 
CH 2 C1 2 /THF (10 mL) was added tetrazole (0.183 mmol) and the resulting mixture 
was stirred 30 min. Di-tert-butyl-di-isopropylphosphoramidite (0.183 mmol) was 
then added and the resulting reaction mixture was stirred 1 5h. Hydrogen peroxide 
(0.367 mmol) was then added and the resulting mixture was then stirred 24h, cooled 
to 0°C, and quenched by addition of aqueous Na 2 S 2 0 5 . The resulting solution was 
diluted with ethyl acetate (15 mL) and washed with sodium bicarbonate (3 x 15 mL), 
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ammonium chloride (3 x 15 mL), and finally brine (1x15 mL). The organic layer 
was dried over sodium sulfete and the solvent was removed under reduced pressure to 
afford a clear oil. Flash chromatography, using 90:10 ethyl acetate/ether provided the 
final product (93%) as a clear oil. R f = 0.85 (90:10 ethyl acetate/ether). 
5 Deprotection of N-Boc and phosphate groups. To a stirred solution 

of the protected product (0.063 mmol) in CHaCl 2 (2 mL) was added trifluoroacetic 
acid (25.96 mmol) and stirring was continued 4h Under reduced pressure, solvent 
and excess trifluoroacetic acid were removed affording a brown oil. The oil was 
rinsed with ether and the solvent was removed under vacuum 5 times to afford the 
10 product (100%) as a white solid. R f = 0 (90:10 CHCls/melhanol). 


Synthesis of (2R) benzlmidazole compound: 



Scheme 8 
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Acetylation of the aniline. To a stirring solution of acetic anhydride 
(10 mL) under inert atmosphere was added octyl aniline (0.738 mmol) and stirring 
was continued for 1 h. Sat. aqueous sodium bicarbonate was then added to neutralize 
and acetic acid present The aqueous solution was then extracted with ethyl acetate (3 
5 X 15 mL) and the combined organic extracts were dried over sodium sulfate and 
concentrated to afford the final product (100%) as a yellow solid that was used 
without further purification. R f = 0.48 (90:10 CHCl 3 /acetone). 

Nitration of the acetylated aniline. To a stirring solution of acetic 
acid (1.08 mL), acetic anhydride (0.73 mL), and nitric acid (0.20 mL) at -15°C under 
10 an inert atmosphere was added the acetylated aniline (0.91 mmol) in approx. 1 mL of 
acetic acid over a period of 3 h. Reaction mixture was periodically warmed to 0°C to 
avoid freezing. The reaction mixture was stirred for an additional hour and was then 
diluted with ethyl acetate (10 mL) and neutralized using 1M NaOH and sat. aqueous 
sodium bicarbonate. The organic layer was removed and the aqueous portion was 
1 5 washed twice more with ethyl acetate (lo'mL each). The organic layers were 
combined and dried over sodium sulfate and then concentrated to a yellow solid. 
Flash chromatography, using 95:5 CHCVacetone provided the final product (100%) 
as a yellow solid. R f = 0.68 (95:5 CHCb/acetone). 

Deacetylation of the aniline. To a stirring solution of the nitrated, 
20 acetylated aniline (0.62 mmol) in ethanol (2.5 mL) under an inert atmosphere was 
added 40% KOH (0.13 mL). The reaction mixture was then heated to reflux for 1 h. 
The solution was then cooled in ice and brought to pH = 6 using cone. HC1. This 
mixture was then concentrated to an orange solid and redissolved in ether (10 mL) 
and washed with sat. aqueous sodium bicarbonate (2 X 10 mL) and brine (1X10 
25 mL). the organic 'layer'ww then dried over sodium siuTafe and concenter 

the final product (84%) as an orange solid mat was used without further purification 
R f = 0.82 (95:5 CHCl 3 /acetone). 

Reduction of the nitro group. To a stirring solution of the nitrated 
aniline (0.248 mmol) in acetic acid (5 mL) was added a catalytic amount of zinc dust 
30 and stirring was continued overnight under an inert atmosphere. The reaction mixture 
was then diluted with ether and filtered through a plug of celite under and inert 
atmosphere using ether to elute. Care was taken not to expose the ether solution to 
air. The solution was then concentrated to afford the final product (92%) as a reddish- 
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brown oil which was used directly in the next step without further purification, Rf = 
0.05 (95:5 CHCl 3 /acetone). 

Coupling of the diamine with protected serine. A solution of N- 
boc-(D)-Serine-OBn (0.999 mmol), PyBOP (0.999 mmol), diisopropylethylamine 
5 (0.999 mmol) in CH2CI2 (25 mL) was stirred 5 min. under an inert atmosphere and 
then cannulated into a flask containing the diamine (0.999 mmol). This reaction 
mixture was then stirred 12 h. The reaction mixture was then diluted with ethyl 
acetate (30 mL) and washed with sat. aqueous sodium bicarbonate (3X3 mL), 
ammonium chloride (3 X 30 mL), and finally brine (1X30 mL), and the organic 

10 layer was dried over sodium sulfate; Solvents were removed under reduced pressure 
to afford a brown oil. Flash chromatography, using 90:10 CHCU/acetane provided 
the final product (17%) as a brown oil. R f = 0.52 (90:10 CHCh/acetone). 

Benzyl deprotection of coupled product. To a solution of the 
coupled product (0.167 mmol) in 200 proof ethanol (10 mL) and a catalytic amount of 

1 5 formic acid was added a catalytic amount of palladium on activated carbon. To the 
resulting solution was applied a positive pressure of hydrogen gas and the reaction 
mixture was stirred 12h, The reaction mixture was then filtered through a plug of 
celite eluting with methanol and then the solvent was removed under reduced pressure 
to yield the crude product as a tan oil. Prep, plate thin layer chromatography, using 

20 90: 10 CHCh/acetone provided the final product (57%) as a tan/white solid. Rf - 0.08 
(90:10 CHCl 3 /acetone). 

Deprotection to afford free alcohol. To a stirring solution of the N- 
Boc protected alcohol (0.008 mmol) in CH2CI2 (0.5 mL) was added trifluoroacetic 
acid (0.5 mL) and stirring was continued 4k Under reduced pressure, solvent and 

.J25 . . . excess.trifluoro^„etic acid were removed.affording.a.brown oil. -The. oil was.rinsed 

with ether and the solvent was removed under vacuum 5 times to afford the product 
(100%) asatan solid. R f =0.2 (90:10 CHCl 3 /methanol). 

Phosphorylation of N-Boc protected alcohol. For phosphorylation, 
reaction is performed in the absence of light, work up and columns are completed 

30 with as little light as possible. To a solution of the alcohol (0.085 mmol) in 1 : 1 

CH2CI2/THF (5 mL) was added tetrazole (0.170 mmol) and the resulting mixture was 
stirred 30 min. Di-tert-butyl-di-isopropylphosphoramidite (0. 170 mmol) was then 
added and the resulting reaction mixture was stirred 15h. Hydrogen peroxide (0.340 
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mmol) was then added and the resulting mixture was then stirred 4h, cooled to 0°C, 
and quenched by addition of aqueous Na 2 S 2 0 5 . The resulting solution was diluted 
with ethyl acetate (10 mL) and washed with sodium bicarbonate (3 x 10 mL), 
ammonium chloride (3 x 10 mL), and finally brine (1 x 10 mL). The organic layer 
5 was dried over sodium sulfate and the solvent was removed under reduced pressure to 

afford the product 

Deprotectlon of N-Boc and phosphate groups. To a stirring solution 
of the protected product in CH 2 C1 2 was added trifluoroacetic acid and stirring was 
continued 4h. Under reduced pressure, solvent and excess trifluoroacetic acid were 
10 removed affording a brown oil. The oil was rinsed with emer and the solvent was 
removed under vacuum 5 times to afford the product 


Example 2 

All reactions for the synthetic schemes of Example 2 were 
15 accomplished using solvents purified by filtration through alumina (activity I) 

immediately prior to use. All reactions were performed under an inert atmosphere of 
nitrogen unless otherwise noted. All reagents were purchased from either Aldrich 
(Milwaukee, WI), Sigma (St. Louis, MO), Acros (Pittsburgh, PA), Advanced 
ChemTech (Louisville, KY), or Novabiochem (La Jolla, CA). Merck silica gel F-254 
20 precoated, aluminum backed plates were used for thin layer chromatography (TLC) 
analysis. Analtech Silica Gel GF 500 or lOOOum precoated, glass backed plates were 
used for preparative TLC. Silicycle Ultra Pure Silica Gel (230-400 mesh) or Fisher 
Scientific Silica Gel 60 Sorbent (230-400 mesh) was used for column 
chromatography. Each product was analyzed by TLC (single spot) and spectroscopic 

" 25" -memodslncludhig 'H NMR; ,3 C NMR; and mass spectrometry.- -The-nuclear - 

magnetic resonance spectra were collected using a General Electric QE300 
spectrometer at 300 MHz and chemical shifts are reported in ppm. The assigned 
structures of the SIP analogs were consistent with all spectral data obtained. 


30 
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Synthesis of Imidiazole Analog 


phenyloctane bromoacetyl bromide 

n 


O 

a-methyKDL)-sei1ne 


Hi 


icetyl bromide 1 
M eO^>CoH -JU. MeO^OH 
° °3 


Bo 



v NHBoc 

9 ^N t Bu0 '^ 0 , Bu 
lxHl + 

VPC24289 


Scheme 9 

Reagente and Conditions: (i) NaH, THF 0° to RT. 45 min., then Selectfluor 0° to 
RT., overnight, 53%; (ii) S0C1 2 , MeOH, R.T., 4-6 h.; (hi) B OC2 0, TEA, CH 2 C1 2 , 
RT., 4 h;- (iv). 2,2-dimethoxypropane , prtoLuene^ 0 ™. 0 ?^d, CH 2 CJ2, R.T., 2 h, _ 
62% (3 steps) (v) LiCl,NaBH 4 ,EtOHmiF(3:2),0 o toR.T.,4h J 89%; (vi) PCC, 
CH 2 Cl 2 ,RT.,6h; (vii) DBU, LiCl, CH3CN, RT., overnight, 40% (2 steps); (viii) 
Dowex 50 x 8, EtOH, RT. 24 h, 80%; (ix) PCC, CH 2 C1 2 , RT. , 6 h (x) NaC10 2 , 
NaH 2 P0 4 .H 2 0, t-butanol, 2-me1hyl-2-butene; (xi) p-octyl aniline, PyBOP, DIEA, 
CH 2 C1 2 , RT., overnight; (xii) H 2 , 10% PdVC, EtOH, RT. overnight; (xiii) TMSBr, 
CH 2 C1 2 , RT., 4h., then 95% CH 3 OH in H 2 0; RT., lh. 
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2-Bromo-l-(4-octyl-phenyl)-ethanone (1). To a flame dried round bottom 
flask equipped with a magnetic stirbar under an inert atmosphere was added AICI3 
(5.47 g, 41 mmol) followed by 1,2-dichloroethane (22 mL). The stirring suspension 
was then brought to 0°C and 1-phenyloctane (7.99 mL, 36 mmol) was added in one 
5 portion. Bromoacetyl bromide (3.75 mL, 43 mmol) was then added dropwise over a 
period of 10 minutes. Upon completing addition of the acid bromide, the reaction 
mixture was brought to rt and stirred for 2h. The reaction mixture was then quenched 
carefully by slow addition of H 2 0 (36 mL) without ever letting the reaction mixture 
exceed 45°C producing a suspension of solid white precipitate. The aqueous layer of 
10 the quenched reaction mixture was discarded and the organic phase was washed once 
with 10% HC1 (10 mL), washed once with H 2 0 (10 mL), and dried over magnesium 
sulfate. The dried organic phase was then concentrated in vacuo to a green/brown oil. 
Recrystalization from MeOH/H 2 0 provided the product 1 (6.36 g, 57%) as white 
needles in three crops. Rf = 0.21 (1:19 EtOAc/hexanes). 

15 

2-Amino-3-hydroxy-2-methyl-propionic acid methyl ester (2). A stirring 
solution of a-methyl-DL-Serine (1 g, 8.39 mmol) in MeOH (40 mL) in a flame dried 
round bottom flask under an inert atmosphere was cooled to 0°C and SOCl 2 (1.84 mL, 
25.19 mmol) was slowly added. After addition of the SOCl 2 was complete, the 
20 reaction mixture was stirred 12h at rt and then concentrated in vacuo to a white solid 
that was used directly in the next reaction. 

2-tert-Butoxycarbonylamino-3-hydroxy-2-methyl-propionic add methyl 
ester (3). To the crude product obtained in the above reaction was slowly added sat 
25 aq. NaHC0 3 (12.5 mL) followed by soUd NaHCO3 (500 mg) and the reaction-mixture- 
was stirred 30 min under an inert atmosphere. THF (12.5 mL) was then added to the 
reaction mixture followed by di-tert-butyl dicarbonate (1.83 g, 8.39 mmol) and 
stirring at rt was continued for 12h. The reaction mixture was then diluted with H 2 0 
(20 mL) and extracted with EtOAc (3 X 20 mL). The combined EtOAc extracts were 
30 dried over sodium sulfate and concentrated in vacuo to a Ihick white paste. To this 
paste was added hexanes which produced 3 (630 mg, 32% for 2 steps) as a white 
precipitate which was collected by filtration. Rf = 0.35 (1:1 EtOAc/hexanes). 
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2,2,4-Trimethyl-oxazoUdine-3 5 4-dicarboxyUc acid 3-tert-butyl ester 4- 
methyl ester (4). To a stirring solution of 3 (9.342 g, 40 mmol) in acetone (115 mL) 
in a flame dried round bottom flask under an inert atmosphere was added 2,2- 
dimethoxypropane (66 mL). To this solution was added BF 3 -OEt 2 (0.30 mL, cat) and 
5 stirring was continued at rt for 2h. The reaction mixture was then concentrated in 
vacuo to an orange oil which was purified by flash chromatography to provide 4 
(9.392 g, 85%) as a white solid. R f = 0.55 (1:3 EtOAc/hexanes). Compound was 
observed as an uneven mixture of rotomers. 

10 2,2,4-Trimethyl-oxazoUdine-3 s 4-dicarboxyUc acid 3-tert-butyl ester (5). 

To a stirring solution of 4 (9.392 g, 34 mmol) in THF (65 mL) and H 2 0 (35 mL) 
under an inert atmosphere was added solid LiOH-H 2 0 (1 .426 g, 34 mmol) in one 
portion. The reaction mixture was heated to 90°C and stirred 8h at which point the 
reaction mixture was cooled to rt. The crude reaction mixture was washed with Et 2 0 

15 (3 X 50 mL) and the Et 2 0 extracts were discarded. The aqueous solution was then 
acidified with 2M KHS0 4 until a white precipitate began to form on addition, pH=5. 
The acid was added dropwise until the precipitate persisted and the aqueous solution 
was extracted with Et 2 0 (50 mL). After extraction, two addition drops of acid were 
added to the aqueous layer and it was again extracted with Et 2 0 (25 mL). The Et 2 0 

20 extracts were combined and quickly back extracted with 1M NaOH (1 5 mL). The 
organic phase was then dried over sodium sulfate and concentrated in vacuo to give 5 
(7.458 g, 85%) as a white solid which was used without further purification. 
Compound was observed as an uneven mixture of rotomers. 

25~ %2,4-tWmethyl-4-[5-(4- 

carboxylic acid tert-butyl ester (6). To a flame dried round bottom flask equipped 
with a magnetic stirbar under an inert atmosphere was added 5 (3.00 g, 1 1.6 mmol) 
followed by absolute EtOH (33 mL) and C&CO3 (1.93 g, 5.9 mmol). This mixture 
was then shaken 30 min at which time all of the suspended Cs 2 C0 3 had disappeared. 

30 The reaction mixture was then concentrated in vacuo to a white solid at which time 
DMF (60 mL) was added. To the stirring solution was added a solution of 1 (3.60 g, 
1 1.6 mmol) in DMF (5 mL). The resulting solution was stirred 4h and concentrated 
to a light brown solid. To the light brown solid was added EtOAc (50 mL) and the 
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suspended CsBr was filtered off and washed with EtOAc. The filtrate was then 
concentrated to a light brown foam which was subsequently dissolved in xylenes (1 95 
mL) in a round bottom flask equipped with a Dean-Stark trap (filled with xylenes) and 
a reflux condenser. To this solution was added NH4OAC (1 .74 g, 22.6 mmol) and the 
5 reaction mixture was brought to 105°C and stirred 3h at which time the reaction 
would progress no further. The crude reaction mixture was then concentrated in 
vacuo to a red oil. To the oil was added EtOAc (200 mL) and this solution was 
washed with sat. aq. NaHCOs (3 X 50 mL) followed by brine solution (1 X 50 mL). 
The organic phase was then dried over sodium sulfate and concentrated to a red oil 
10 which was subjected to flash chromatography to give 6 (1 .074 g, 20%) as a white 
solid. R f = 0.45 (6:4 Et 2 0/petroleum ether). 

2-Amlno-2-l5-(4^ctyl-phenyl)-lH4midazol-2-yl]-propan-l-ol 
(VPC24241). To a flame dried round bottom flask equipped with a magnetic stirbar 

1 5 under an inert atmosphere was added 6 (973 mg, 2.07 mmol) followed by MeOH (20 
mL) and p-TsOH H 2 0 (1.22 g, 6.42 mmol). This mixture was then heated to reflux, 
stirred 3h, cooled to 0°C, and quenched by slow addition of sat aq. NaHC0 3 (20 mL). 
This solution was then diluted with EtOAc (30 mL) and the aqueous layer was 
discarded. The organic phase was washed with sat. aq. NaHC(>3 (1 X 20 mL), 

20 washed with 1M NaOH (1 X 20 mL), dried over sodium sulfate, and concentrated to 
an orange oil. To this oil was added Et 2 0 which produced VPC24241 (408 mg, 60%) 
as a white precipitate which was collected by filtration. 

{2-Hydroxy-l-methyl-l-[5^4^ 

25 carbamic addtert-bultyl 'ester (7)~. Tb aSagdrously stirriftg solution of VPC24241 
(70 mg, 0.213 mmol) in THF (4 mL) and H 2 0 (2 mL) was added Na 2 C0 3 (198 mg, 
1.87 mmol) followed by di-tert-butyl dicarbonate (214 mg, 0.98 mmol) and the 
resulting solution was stirred 12h at rt. The reaction mixture was then diluted with 
EtOAc (20 mL) and washed with saturated aq. NaHCOs (2X15 mL). The organic 

30 phase was dried over sodium sulfate and concentrated in vacuo to a clear oil which 
solidified to a white solid under vacuum. This white solid was then subjected to flash 
chromatography to produce 7 (52 mg, 57%) as a white solid. R f = 0.50 (1 : 1 
EtOAc/hexanes). 
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{2-(Di-tert-butoxy-phos 
imidazol-2-yl]-ethyl}-carbamic acid tert-butyl ester (8). To a solution of 7 (33 mg, 
0.077 mmol) in 1:1 CH2CI2/THF (3 mL) was added a 3% solution of tetrazole in 

5 acetonitrile (0.44 mL, 0. 154 mmol) and the resulting mixture was stirred 30 min. Di- 
tert-butyl-dWsopropylphosphoramidite (0.05 mL, 0.154 mmol) was then added and 
the resulting reaction mixture was stirred 12h. To this solution was added 30% 
hydrogen peroxide (0.04 mL, 0.308 mmol) and the resulting mixture was stirred 3h, 
cooled to 0°C, and quenched by addition of aqueous Na 2 S20s. The resulting solution 

10 was dfluted with ethyl acetate (10 mL) and washed with saturated aq. NaHC03 (2X5 
mL). The organic layer was dried over sodium sulfate and the solvent was removed 
under reduced pressure to afford a clear oil. Flash chromatography, using 1:1 
EtOAc/hexanes, provided 8 (22 mg, 46%) as a clear oil. R f = 0.45 (1:1 
EtOAc/hexanes). 

15 

{2-(Di-tert-butoxy-thiophospho 
imidazol-2-yl]-ethyl}-caifcamic acid tert-butyl ester (9). To a solution of 7 (19 mg, 
0.044 mmol) in 1:1 CH2CI2/THF (2 mL) was added a 3% solution of tetrazole in 
acetonitrile (0.26 mL, 0.089 mmol) and the resulting mixture was stirred 30 min. Di- 

20 tert-butyl-di-isopropylphosphoramidite (0.03 mL, 0.089 mmol) was then added and 
the resulting reaction mixture was stirred 12h. To this solution was added elemental 
sulfur (excess) and the resulting mixture was stirred 12h. The resulting solution was 
diluted with ethyl acetate (7 mL) and washed with saturated aq. NaHCCb (2X3 mL). 
The organic layer was dried over sodium sulfate and the solvent was removed under 

"25" reduced pressure tb affbrd a clear oil with yellow tint. -Flash-chromatDgraphy,-using 
1:3 EtOAc/hexanes, provided 9 (13 mg, 46%) as a clear oil. Rf = 0.40 (1:3 
EtOAc/hexanes). 

Phosphoric acid mono-{2-amino-2-[5-(4.octyl-phenyl)-lH-imidazol-2-yl]- 
30 propyl} ester (VPC24287). To a stirring solution of 8 (22 mg, 0.035 mmol) in 

CH2CI2 (1 mL) was added trifluoroacetic acid (1 mL) and stirring was continued 4h. 
Solvent and excess trifluoroacetic acid were removed in vacuo to afford a brown oil. 
The oil was diluted with ether and concentrated in vacuo 5 times on a rotary 
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evaporator to afford a white solid which was placed in a fritted funnel and washed 
with cold ether producing VPC24287 (13 mg, 91%) as a powdery white solid. Rf=0 
(4:1 CHCl 3 /methanol). 

5 Thiophosphoric acid 0-{2-amino-2-[5-(4-octyl-phenyl)-lH-imidazol-2-yl]- 

propyl} ester (VPC24289). To a stirring solution of 9 (13 mg, 0.020 mmol) in 
CH 2 C1 2 (1 mL) was added benzenethiol (0.042 mL, 0.40 mmol) followed by 
bromotrimethyl silane (0.05mL, 0.40 mmol) and finally trifluoroacetic acid (1 mL) 
and stirring was continued 6h. To quench the reaction mixture, water (0.5mL) was 

10 added and the resulting solution was stirred 30 min. Solvent and excess reagents 
were removed in vacuo to afford a brown oil. The oil was diluted with elher and 
concentrated in vacuo 5 times on a rotary evaporator to afford a light tan solid which 
was placed in a fritted funnel and washed with cold ether and a small amount of cold 
water producing VPC24289 (8 mg, 94%) as a powdery white solid. R f = 0 (4:1 

15 CHCVmetha. 
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Synthetic Scheme for Synthesis of Additional Imidazole Compounds 



tris(hydroxyrnethyl)arnlno- 11 12 

methane hydrochloride 



13 14 



Scheme 10 


Reagents and Conditions: (i) Br 2 , 1:1 dioxane/ether, CH 2 C1 2 , rt, lh, 66%; (ii) 2,2- 
DMP, p-TsOH, DMF, rt, 12h, TEA, rt, 10 min; (iii) (Boc^O, NaHC0 3 , THF/H 2 0, rt, 
12h, 69% (2 steps); (iv) (COClk, DMSO, TEA, CH 2 C1 2 , -78°C to rt, 4h, 74%; (v) 
NaC10 2 , NaH 2 P0 4 • H 2 0, 2-methyl-2-butene, t BuOHZH a O, rt, lh, 95%; (vi) Cs 2 C0 3 , 
EtOH, rt, lh; 1, DMF, rt, 12h; (vii) NH4OAC, xylenes, 1 10°C, 12h, 36% (2 steps); 
(viii) Pd(dba)2, PhsP, Oil, DIEA, THF, rt, 12h, 68%; (ix) H 2 , 10% Pd/C, EtOH, rt, 
12h; (x) 1 :1 TFA/CH 2 C1 2 , rt, 6h; (xi) DOWEX 50 x 8, EtOH, rt, 12h; (xii) tetrazole, 
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di-terf-butyl diisopropylphosphoramidite, CT 2 C1 2 /THF, rt, 12h; H 2 0 2 , rt, 3h; (xiii) 
tetrazole, di-terf-butyl diisopropylphosphoramidite, CH2CI2/THF, rt, 12h; Ss, rt, 3h; 
(xiv) 1:1 TFA/CHaCh, rt, 4h; (xv) benzenethiol, TMSBr, 1:1 TFA/CH 2 C1 2 , rt, 4h 


Synthetic Scheme for Synthesis of Alpha Substituted Phosphonate Compounds 

00 S 9 

II U J ctn o d— Act 


II II 

EtO-Pv^F^OE 
EtO OEt 


O O 
EtO-P^R-OEt 
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Scheme 11 
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Reagents and Conditions: (i) NaH, THF 0° to R.T. 45 min., then Selectfluor 
0° to RT., overnight, 53%; (ii) S0C1 2 , MeOH, R.T., 4-6 h.; (iii) Boc 2 0,TEA, 
CH2CI2, R.T., 4 h.; (iv) 2,2-dimethoxypropane , p-toluenesulfonic acid, CH2CI2, 
R.T., 2 h., 62% (3 steps) (v) LiCl, NaBEU, EtOH/THF (3:2), 0° to RT., 4 h, 89%; 
5 (vi) PCC, CH2CI2, RT., 6 h.; (vii) DBU, LiCl, CH 3 CN, RT., overnight, 40% (2 
steps); (viii) Dowex 50 x 8, EtOH R.T. 24 h., 80%; (ix) PCC, CH2CI2, RT. , 6 h. 
(x) NaC102, NaH2P0 4 .H 2 0, t-butanol, 2-methyl-2-butene; (xi) p-octyl aniline, 
PyBOP, DIEA, CH2C1 2> RT., overnight; (xii) H 2 , 10% Pd/C, EtOH, RT. overnight; 
(xiii) TMSBr, CH2CI2, RT., 4h., then 95% CH3OH in H 2 0, R.T., lh. 

10 

[(Dlethoxy-phosphoryl)-fluoro-methyl]-phosphonlc acid diethyl ester (31). 
To a slurry of 95% NaH (9 mg, 0.375 mmol) in THF (1.5 mL) was added tetraethyl 
methylene diphosphonate, (30) (100 mg, 0.347 mmol) at 0°C. The irixture was 
allowed to warm to room temperature and stirred for 45 minutes. The mixture was 
15 subsequently cooled to 0°C and Selectfluor (153 mg, 0.432 mmol) was added in one 
portion. The mixture was allowed to warm to room temperature and stirred for 1 nr. 
The reaction mixture was concentrated in vacuo and purified by column 
chromatography on SiCfe (3% MeOH in EtOAc) to yield 56 mg (53%) of a clear 
liquid. 

20 . 

2-Amino-3-hydroxy-propionic acid methyl ester (33). To a solution of 

D-serine (5g, 47.58 mmol) in methanol (100 mL), stirring under N 2 (g) at 0°C, was 

added thionyl chloride (20.8 mL, 285.5 mmol) dropwise. The reaction mixture was 

allowed to warm to room temperature, stirred for 4-6 hours, then concentrated under 

" 25 " "reduced pressure. The erode material was r receratitutedin Et 2 0 and concentrated; in 

the same manner. This was repeated numerous times until SOCl 2 could not be 

detected. The crude material was confirmed by NMR experiments and carried on to 

the following step. 

30 2-tert-Butoxycarbonylamino-3-hydroxy-propionic acid methyl ester (34). 

To a solution of me crude methyl ester serine (33) in CH 2 C1 2 (100 mL), stirring under 
N 2 (g) , was added di-tert-butyl pyrocarbonate (1 1.420 g, 52.34 mmol) and triethyl 
amine (16.6 mL, 118.95 mmol). The reaction mixture was allowed to stir at room 
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temperature for 4 hours, then poured over NH4CI at 0°C. The organic layer was 
extracted with 10% HC1 (2x), then NaHC0 3 and brine. The organic layer was then 
dried over anhydrous NaiSCU, filtered and concentrated under reduced pressure. The 
crude material was again carried on to the following step. 

5 

2,2-Dimethyl-oxazoUdine-3,4-dicarboxyUc acid 3-tert-butyl ester 4-methyl 
ester (35). To a solution of (34) in CH2CI2, stirring under nitrogen at 0°C, was added 
2,2-dimethoxypropane (29,5 mL, 237.9 mmol) and p-toluene sulfonic acid 
monohydrate (9.050g, 47.58 mmol). The mixture was removed from the ice bath . 

1 0 after 1 5 minutes and stirred at room temperature for 1 .5 hours. The reaction mixture 
was poured into 50 mL of saturated NaHCCh (aq) and extracted with diethyl ether 
(3x50). The oiganic layer was extracted with NaHC0 3 and brine, then dried over 
anhydrous MgSCU, filtered and concentrated under reduced pressure. The crude 
material was purified by flash chromatography on Si02 (1:1 EtOAc/Hexanes) to yield 

1 5 7.659 g (62%, 3 steps) of a clear liquid. 

4-Hydroxymethyl-2,2-dimethyl-oxazolidine-3-carboxylic acid tert-butyl 
ester (36). To a mixture of NaBHU (2.247 g, 59.08 mmol) and LiCl (2.505 g, 59.08 
mmol) in EtOH (42 mL), stirring under nitrogen at 0°C, was added (35) (7.659 g, 

20 29.54 mmol) in THF (30 mL) dropwise. This mixture was allowed to warm to room 
temperature and continued stirring for 48 hours. The precipitate was filtered and 
washed with ethanol. The washings were concentrated and extracted with EtOAc. 
The organic layer was then washed with brine and dried over anhydrous NaiSCU. 
Column chromatography on Si02 (1:1 EtOAc/Hexanes) was utilized to purify 6.101 g 

25„_ (89%).of the title^compoiuid as a white solid. 

4-Formyl-2,2-dimethyl-oxazoUdlne-3-carboxylic acid tert-butyl ester (37). 
To a solution of (36) (80 mg, 0.346 mmol) stirring in CH2CI2 (2 mL), under a 
nitrogen atmosphere, was added pyridinium chlorochromate (150 mg, 0.694 mmol). 
30 The reaction mixture was allowed to stir overnight then filtered through a plug of 
silica gel. The crude aldehyde was carried on to the following step. 
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4-[2-(Diethoxy-phosphoryl)^ 
carboxylic acid tert-butyl ester (38). To a stirred suspension of LiCl (18 mg, 0.416 
mmol) in dry acetonitrile (3.5 mL), under nitrogen at room temperature, were added 
diphosphonate (31) (127 mg, 0.416 mmol), DBU (0.05 mL, 0.347 mmol) and 
5 garner's aldehyde (37) (80 mg, 0.347 mmol). The reaction mixture was allowed to 
stir overnight then concentrated in vacuo. The crude material was isolated by column 
chromatography on Si02, (1 : 1 EtOAc/Hexanes) to yield 47 mg (40%, two steps) of a 
clear liquid. 

10 (3-tert-Butoxycarbonylamino4-fluoro^hydroxy-but-l-enyl)-phosphonic 
acid diethyl ester (39). To compound (38) (47 mg, 0.123 mmol) stirring in EtOH 
(1 mL) was added Dowex 50 x 8 (150 mg), which was washed with EtOH and dried. 
The reaction was allowed to stir under nitrogen and at room temperature for 24 hours. 
The reaction mixture was filtered and the precipitate washed with excess EtOH, then 

15 concentrated in vacuo. The crude material was purified by column chromatography 
on Si0 2 (1:1 EtOAc/Hexanes) to yield 34 mg of the expected product 

Example 3 » 

[y-35 S]GTP Binding Assay for Measuring SIP Activity 
20 Transient Expression in HEK293T Cells. 

Human or mouse S1P5 DNA was mixed with an equal amount of DNA 
encoding a rat Gi2R protein as well as DNAs encoding cow pi and y2 proteins and 
used to transfect monolayers of HEK293T cells using the calcium phosphate 
precipitate method. After 60 h, cells were harvested, and microsomes were prepared, 
...25 aliquoted,and-stored at -70°C until use... - ---- - 

[y-35 S]GTP Binding. 

Briefly, 5 ug of membranes from SIP expressing HEK293T cells was 
incubated in 0.1 mL of binding buffer (in raM: HEPES 50, NaCl 100, MgCl 2 5), pH 
30 7.5, containing 5 ug of saponin, 10 uM GDP, 0.1 nM [y-35 S]GTP (1200 Ci/mmol), 
and test lipid. After incubating for 30 min at 30°C, bound radionuclide was separated 
from free by filtration through Whatman GF/C paper using a Brandel Cell Harvester 
(Gaithersburg, MD). 
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Stable Expression in RH7777 Cells. 

Rat hepatoma RH7777 cell monolayers were transfected with human 
or mouse S lP5/pCR3. 1 DNA using the calcium phosphate precipitate method, and 
clonal populations expressing the neomycin phosphotransferase gene were selected by 
5 addition of Ge-neticin (G41 8) to the culture medium. The RH7777 cells were grown 
in monolayers at 37°C in a 5%C02/95% air atmosphere in growth medium consisting 
of 90% MEM, 10% fetal bovine serum, 2 mM glutamine, and 1 mM sodium pyruvate. 

Measurement of cAMP Accumulation. 

1 0 Assay of c AMP accumulation was performed as described previously 

(See Im et al., J. Biol. Chem. 275, 14281-14286 (2000), the disclosure of which is 
incorporated herein). Assays were conducted on populations of 5 x 10 s cells 
stimulated with 1 uM forskolin in the presence of the phosphodiesterase inhibitor 
isomefhylbutybcanthine (IB MX, 1 mM) for 15 min. cAMP was measured by 

1 5 automated radioimmunoassay. The GTPyS studies were performed using zebra&h 
S1P1 overexpressed rat RH-7777 and human hSlPl,hSlP2,hSlP3 andhSlP5 
overexpressed human HEK293 cells. Table 1 shows the EC50 values for each of the 
SIP analogs at SIP receptors: S1P1, S1P2, S1P3 andSlPS. In addition to testing the 
human SIP receptors (hSIPl, hSlP2, hSlP3 and hSIPS), a zebrafish SIP receptor 

20 (zSlPl) and mouse SIP (mSlP5) were also tested. 

Table 1: EC 50 Values (nM) for SIP Analogues at Recombinant SIP Receptors 



zSlPi 

hSlPi 

hSlP 3 

hSIPj 

hSIPs 

mSlPs 

-~ sip 

54.6" 

" 0.9" " 

— r.i- 

2.9 - 

43.9 

- -12.7 - 

VPC22041 

2053.0 

598.4 

845.4 

973.2 

645.5 

>5000 

VPC22051 

>5000 

322.1 

601.9 

2760.0 

>5000 

>5000 

VPC22053 

>5000 

397.0 

862.4 

2685.0 

1606.0 

2006.0 

VPC22063 

>5000 

1805.0 

878.6 

>5000 

1220.0 

1326.0 

VPC22135 

1625.0 

12.7 

50.8 

2107.0 

>5000 

1821.0 
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SIP increases GTPyS binding significantly (2-5-fold) at each receptor with EC50 
values from 1 to 55 nM. The synthetic series consisted of five dihydro SIP of the 
general formula: 


5 



wherein 

VPC22041 (2S): Ri is NH(CH 2 )nCH 3 , R 2 is NH 2 and R 3 is H; 
VPC22053 (2S): Ri is 0(CH 2 )i3CH 3 , R 2 is NH 2 and R 3 is H; 
VPC22051 (2S): Ri is NH(CH 2 )i 3 CH 3 , R 2 is NH 2 and R 3 is H; 
10 VPC22063 (2S): Ri is NI^CH^isCEb, R 2 is NH 2 and R 3 is H; and 

VPC22135 (2R): Ri is NH(CH 2 )i 3 CH 3 , R 2 is H and R 3 is NH 2 . 

The amide-containing compounds contained alkyl chains of 12 
(VPC22041), 14 (VPC22053), or 16 (VPC22063) carbons, and the 2'-amino group 

15 was in the natural configuration (S), except for VPC22135, wherein the 2-amino was 
in the (R) configuration. VPC22053 and VPC22135 are an enantiomeric pair, while 
VPC22051 is the ester-containing equivalent of VPC22053 (see Scheme 4). All of 
these compounds had significant agonist activity at each of the SIP receptors, 
although none were as potent as SIP itself (see Table 1). In particular, on the S1P5 

20 transfected HEK293 cells, the five mimetics showed ECso's of approximately 1 DM, 
where as the EC50 of S IP flM- H6wever; ohe 

compound, VPC22135, approached the potency of SIP at both the human S1P1 and 
human S1P3 receptors. Curiously, this compound has the amino group in the 
unnatural (R) configuration. Its enantiomer, VPC22053', was more than 1 log order 

25 less potent at both the S1P1 and S1P3 receptors. The results obtained for the S1P1 
transfected RH-7777 cells showed a preference for binding with the 1 8 carbon 
backbone mimetic compounds (identical to SIP) over the 16 and 20 carbon backbone 
mimetic compounds. 
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Assay of phenyl imidazole compounds vpc24287 (phosphate) and 
vpc24289 (phosphothionate) at individual human sphingosine 1-phosphate (SIP) 
receptors was also conducted. 


with DNAs encoding human Gai2, cow pi and cow 72 proteins and introduced into 
cultured HEK293T cells by transfection. After about 48 hours, cells were harvested 
and crude membranes prepared. Ligand driven binding of a non-hydrolyzable GTP 

10 analog, GTP[y- 35 S], was measured in a rapid filtration assay. Details of the assay are 
found in: Brinkmann, V., Davis, M.D., Heise, C.E., Albert, R, Cottens, W., Hof, R., 
Bruns, C, Prieschl, E., Baumruker, T., Hiestand, P., Foster, C. and Lynch, K.R. The 
immune modulator, FTY720, targets sphingosine 1-phosphate receptors. J. BioL 
Chem. 277: 21453-21457 (2002). Total counts per minute were determined for SIP, 

1 5 vpc24287 and vpc24289 activation of the S IP receptor subtypes with the maximal 
counts received by SIP designated as 100% activation of the SIP receptor. The 
results are provided in Fig. 6A-6D demonstrating vpc24287 and vpc24289 activation 
of the SIP receptor subtypes relative to SIP. 


Example 4 > 

Biological Assay of the Synthesized Mimetics 

An additional series of compounds was tested using the GTPcS binding assay 
described in Example 2 and in Im et al., J. Biol. Chem. 275, 14281-14286 (2000), the 
25 disclosure of which is incorporated herein). The compounds tested for binding at 
human SIP receptors (hSIPl, hSlP2, hSlP3, hSlP4 and hSIPS) have the general 



VPC24287 


VPC24289 


5 


Methods: Human recombinant SIP receptor type DNAs were mixed 


structure: 
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wherein for VPC23019: R 5 is (CH 2 ) 7 CH 3 , R 2 is H, R 3 is NH 2 and R4 is phosphate; 

VPC23031; R 5 is (CH 2 ) 7 CH 3 , R 2 is H, R3 is NH 2 and R4 is phosphate; 

VPC23065: R5 is (CH^CHa, R 2 is H, R 3 is NH 2 and R4 is hydroxy; 

VPC23069: R 5 is (CH 2 >9CH 3 , R 2 is H, R 3 is NH 2 and R4 is phosphate; 

VPC23075: R 5 is (CH 2 ) 8 CH 3 , R 2 is H, R 3 is NH 2 and R4 is hydroxy; 

VPC23079: R5 is (CH 2 ) 8 CH 3 , R 2 is H, R 3 is NH 2 and R4 is phosphate; 


10 or have the general structure: 



wherein for VPC23087: R 5 is (CH 2 >7CH 3 , R 2 is H, R 3 is NH 2 and R4 is hydroxy; 

VPC23089: R 5 is (CH 2 >7CH 3 , R 2 is H, R 3 is NH 2 and R4 is phosphate; 

15 Each of the compounds tested (VPC 23019, 23031, 23065, 23069, 

23087, 23089, 23075, 23079) failed to show significant activity at the S1P2 receptor. 
Compounds VPC23065, VPC23087 and VPC23075 are primary alcohols and thus 
lack the phosphate headgroup. Yet several of these compounds exhibit activity at SIP 
receptors (See Figs. 2A, 2B, 2C, 3A, 3B, 3C and 4C) and each of these compounds 

20 shows good agonist activity at the S 1P4 receptor. 

The GTPCS binding assay revealed that VPC23031, VPC23019, 
VPC23089 are inverse agonists (antagonists) of the S1P3 receptor (See Figs. 1 A and 
4A), but this inverse agonism becomes agonism when the alkyl chain length is 9 
carbons (VPC23079) or 10 (VPC23069), see Figs. 2A and 3A. 
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VPC23089 and VPC23019 are isomers, with the VPC23089 compound 
having the alkyl chain ortho and the VPC23019 compound meta; in both cases the 
alkyl chain has 8 carbons, but surprisingly, when one goes from ortho to meta, 
antagonism at S1P1 is realized (compare Fig. 1 A with the competition curve Fig. 5 A). 
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Claims: 


1 . A compound represented by the formula: 
^16 ^Rl7 
Y — Z 

I ^23 ^24 

W \^/(CH 2 ) y CR 15 or 

&22 


K29 R 7 Kg \ S 

(CH^-^^/CCH^ CR 15 



R 2 R 3 
5 wherein 

W is CR27R28 or (CH 2 )nNH (CO); 

wherein R27 and R28 are independently selected from the group 
consisting of H, halo and hydroxy; 

Y is selected from the group consisting of a bond, CR9R10, carbonyl, NH, O or 

10 S; 

wherein R9 and Rio are independently selected from the group 
consisting of H, halo, hydroxy and amino; 

Z is CH2, aryl, halo substituted aryl or heteroaryl; 
Ri 1 and R16 are independently selected from the"©rdup bohsistinjg of C<rCi2 
15 alkyl, C5-C12 alkenyl, C5-C12 alkynyl, C5-C12 alkoxy, (OT 2 )pO(CH 2 ) q , C5-C10 

(aryl)R2o, C5-C10 (heteroaryl)R 2 o, C5-C10 (cycloalkyl)R2o, C5-C10 alkoxy(aryl)R2o, C5- 
C10 alkoxy(heteroaryl)R 2 o and C5-C10 alkoxy(cycloalkyl)R2o; 
wherein R20 is H or C1-C10 alkyl; 
R29 is H or halo; 

20 R17 is selected from the group consisting of H, halo, NH2, Cj-C* alkyl, Cj-C6 

alkoxy, C1-C6 alkylamino, C1-C6 alkylcyano and C1-C6 alkylthio; 
R 2 , and R 2 i are both NH2; 
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R 3 is selected from the group consisting of H, Ci-C 6 alkyl, (C1-C4 alkyl)OH, 
and (Q-C 4 alkyl)NH 2 ; 

R 22 is selected from the group consisting of Ci-C 6 alkyl, (C1-C4 alkyipH and 

(Ci-C 4 alkyl)NH 2 ; » 
5 R23 is selected from the group consisting of H, F, C0 2 H, OH, Ci-Ce alkyl, (d- 

C 4 alkyl)OH, and (C1-C4 alkyl)NH 2 ; 

R 24 is selected from the group consisting of H, F and P0 3 H 2 , or R23 together 
with R 24 and the carbon to which they are attached form a carbonyl group; 

R 25 , R 7 and R* are independently selected from the group consisting of O, S, 

1 0 CHR26, CHR 2 6> NR 2 6, and N; 

wherein R 2 6 is H, F or C r C 4 alkyl; 
R15 is selected from the group consisting of hydroxy, phosphonate, and 

H>OH 

-x-p. 

X)H ; 

wherein R12 is selected from the group consisting of O, NH and S; 
15 X is selected from the group consisting of O, NH and S; 

y and m are integers independently ranging from 0 to 4; 
p and q are integers independently ranging from 1 to 10; 
n is an integer ranging from 0 to 10; 
or a pharmaceutical^ acceptable salt or tautomer thereof, with the proviso that W and 
20 Y are not both methylene. 

2. ihe'compoimd'ofclrim-l-w^ 

formula: 

%6 V R 17 p p 

\ / H 9 


\ 

(CH2) n N- 


(CH2) y CR 15 
*2i NH2 


25 wherein 
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R15 is selected from the group consisting of hydroxy, phosphonate, and 

Rl2 

H>OH 

-x-p. 

X>H; 

wherein X and R12 are independently selected from the group 
consisting of O and S; 

5 R23 and R 24 are independently selected from the group consisting of H, F and 

C1-C4 alkyl; 

or a pharmaceutical^ acceptable salt or tautomer thereof. 

3. The compound of claim 2 wherein 
10 yisOorl; 

n is 1-10; 
Z is CH 2 ; and 
RnisH. 

1 5 4. The compound of claim 2 wherein 

y isOor 1; 
n is 0; 

Z is C5-C6 aryl or C5-C6 heteroaryl; 

Ri6 is selected from Ihe group consisting of C5-C12 alkyl C2-C12 alkenyl or C 5 - 
20 C12 alkoxy; and 

R 17 and Ra 3 are each H. 

5 . The compound of claim 4 wherein 
Z is C 5 -C 6 aryl; 

25 R24isH;and 

R21 is selected from the group consisting of C1-C4 alkyl, and (C1-C4 alkylpH. 

6. The compound of claim 1 wherein the compound is represented by the 
formula: 
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R 16 H 

\ / 

Y— Z 


-24 



(CH^CRis 


H 2 N R21 
wherein Z is aiyl or heteroaryl; 

Ri6 is selected from the group consisting of C5-C12 alkyl, C5-C12 alkenyl, C5- 
5 C12 alkynyl and C5-C12 alkoxy; 

Y is selected from the group consisting of CHOH, CF 2 , CFH, carbonyl, NH, O 

andS; 

W is CR27R28; 


1 0 consisting of H, halo and hydroxy; 

R21 is selected from the group consisting of Ci-Ca alkyl, (C r C 4 alkyl)OH and 
(C,-C 4 alkyl)NH 2 ; 

R 23 is selected from the group consisting of H, F, CO2H, C1-C6 alkyl, (C1-C4 
alkyl)OH, and (C1-C4 alkyl)NH 2 ; 
1 5 R 2 4 is selected from the group consisting of H, F and PO3H2, or R23 together 

with R 2 4 and the carbon to which they are attached form a carbonyl group; 


wherein X and R12 are independently selected from the group 
20 consisting of O and S; 

y is an integer ranging from 0 to 4; 


wherein R27 and R28 are independently selected from the group 


R15 is selected from the group consisting of hydroxy, phosphonate, and 



or a pharmaceutically acceptable salt or tautomer thereof. 


7. The compound of claim 6 wherein 
R23 and R24 are both H; 
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R27 and R28 aie independently selected from Ihe group consisting of H and F; 
Z is C5-C6 aryl or Cs-Ce heteroaiyl; 

R21 is selected from the group consisting of OH, C1-C4 alkyl, and (C1-C3 
alkyl)OH; and 
5 y is 0 or 1. 

8. The compound of claim 6 wherein the compound is represented by the 
formula: 

R21 <NH 2 



10 

wherein R J5 is selected from the group consisting of hydroxy, phosphonate, 
R12 

II /OH 

— x — P 

and V OH ; 

wherein X and R12 are independently selected from the group 
consisting of O and S; 

1 5 R21 is selected from the group consisting of C1-C3 alkyl and (C1-C4 alkyl)OH; 

R 23 is selected from the group consisting of H, F, C1-C3 alkyl and (C1-C4 
alkyl)OH; 

or a pharmaceutical^ acceptable salt thereof. 


20 9. The compound of claim 8 wherein Y is selected from the group 

consisting of carbonyl, NH and O. 

10. The compound of claim 9 wherein 
R15 is OH; and 

25 R23 is selected from the group consisting of H, F and C1-C3 alkyl; 

or a pharmaceutically acceptable salt thereof. 
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11. The compound of claim 1 wherein the compound is represented by the 
formula: 

r\ ^ 

R 2 R 3 


5 Ri i is selected from the group consisting of C5-C12 alkyl, C5-C12 alkenyl and 

C5-C12 alkynyl; 

R 7 and R« are independently selected from the group consisting of 0, S, 
CHR26, CHR26, NR26, and N; 

wherein R 26 is H, F or C1-C4 alkyl; 
10 R 25 isNorCH; 
R 2 isNH 2 ; 

R 3 is selected from the group consisting of H, C1-C4 alkyl, (C1-C4 alkyl)OH, 
and (C1-C4 alkyl)NH 2 ; 

R 15 is selected from the group consisting of hydroxy, phosphonate, and 

R12 

ll/OH 

-x-p. 

15 ^OH; 

wherein X and R12 is selected from the group consisting of O and S; 
R23 is selected from the group consisting of H, F, OH, C1-C4 alkyl, CO2H and 
_CrC4 alkyl; 

R24 is selected from the group consisting of H, F, C1-C4 alkyl and PO3H2, or 
20 R23 together with R 24 and the carbon to which they are attached form a carbonyl 
group; and 

y and m are integers independently ranging from 0 to 4; 
or a pharmaceutically acceptable salt or tautomer thereof. 

25 1 2. The compound of claim 1 1 wherein 

mis 0; 
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y is 0 or 1; 
R 25 isCH; 
R23 is H or F; and 

R24 is selected from the group consisting of H, F and C1-C4 alkyl. 

5 

13. The compound of claim 1 1 wherein R3 is selected from the group 
consisting of C1-C3 alkyl and (C1-C4 alkyl)OH. 

14. The compound of claim 12 or 1 3 wherein 
10 R 7 isNH;and 

Xis O; 

or a pharmaceutical^ acceptable salt or tautomer thereof. 


15 


15. The compound of claim 14 wherein 
y is 0; and 
R15 is OH. 


1 6. The compound of claim 13 wherein the compound is represented by 
the formula: 


(CH2)R 15 




R> - &3 


or 


20 



CH^R^ 


wherein R n is Cs-Qs alkyl or C 5 -Ci 8 alkenyl; and 
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RsisN; 

or a pharmaceuticaUy acceptable salt or tautomer thereof. 

17. The compound of claim 16 wherein 

Ris is selected from the group consisting of hydroxy and 

-o-p: 


/OH 


^OH ; 
wherein R ]2 is O or S; 
or a pharmaceuticaUy acceptable salt or tautomer thereof. 

10 18. The compound 'of claim 17 wherein Rn is C5-C9 alkyl; 

R15 is OH and 

R 3 is selected from the group consisting of CH 3 , CH 2 CH 3 , CH 2 OH, 
CH2CH2OH and CH2CH2CH2OH. 

15 19. A composition comprising a compound of claim 1, 2, 6, 8, 1 1 or 16 

and 

a pharmaceuticaUy acceptable carrier. 

20. A composition comprising a compound represented by the formula 


20 



CHR 


15 


R 2 NH 2 

wherein R n is C 5 -Ci 8 alkyl or C 5 -Ci 8 alkenyl; 

Q is selected from the group consisting of C3-C6 optionaUy substituted 
cycloalkyl, C 3 -C 6 optionally substituted heterocyclic, C 3 -C 6 optionally substituted 
aiyl, C 3 -C6 optionally substituted heteroaiyl and -NH(CO)s 
25 R 2 is selected from the group consisting of H, C1-C4 alkyl and (C1-C4 

alkyl)OH; 

R23 is H or C i-Q alkyl, and 
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Ris is selected from the group consisting of hydroxy, phosphonate, and 

Rl2 

ll>OH 
-X-P. 

wherein X and Ri 2 is selected from the group consisting of O and S; 
or a pharmaceutical^ acceptable salt or tautomer thereof and 
5 a pharmaceutical^ acceptable carrier. 


21 . The composition of claim 20 wherein Q is selected from the group 
consisting of 

o.o.o.o.o.o 

O.O.O.O -O . 

10 

22. The composition of claim 21 wherein Ri 5 is selected from the group 
consisting of hydroxy and 

Rl2 

ll/OH 

— o— P. 

^OH ; 

wherein R12 is O or S. 

23. The composition of claim 22 wherein Q is selected from the group 
consisting of 


N-^N N -"N fN <fN 
R15 is OH; 

20 or a pharmaceutically acceptable salt or tautomer thereof. 


and 
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24. A method for modulating the activity of an S IP receptor, said method 
comprising the step of contacting said receptor with a compound represented by the 
formula: 

^16 ^Rl7 

W\^^(CH2) y CR 15 or 

^21 ^22 


'(CH2) y CR 15 


5 wherein 

W is CR27R28 or (CH 2 )nNH (CO); 

wherein R27 and R 28 are independently selected from the group 
consisting of H, halo and hydroxy; 

Y is selected from the group consisting of a bond, CR9R10, carbonyl, NH, O or 

10 S; 

wherein R9 and R J0 are independently selected from the group 
consisting of H, halo, hydroxy and amino; 

Z is CH 2 , aryl, halo substituted aryl or heteroaryl; 
Rn and Ri 6 are independently selected from the group consisting of Q-C12 
1 5 alkyl, C2-C12 alkenyl, C2-C12 alkynyl, C5-C12 alkoxy, (CH 2 )pO(CH 2 ) q , C5-C10 

(aryl)R 20 , C5-C10 (heteroaryl)R 2 o, C5-C10 (cycloalkyl)R 2 o, C5-C10 alkoxy(aiyl)R2o, C 5 - 
C10 alkoxy(heteroaiyl)R 20 and C5-C10 alkoxy(cycloalkyl)R2o; 
wherein R 20 is H or C1-C10 alkyl; 
R 29 isHorhalo; 

20 R17 is selected from the group consisting of H, halo, NH 2 , C1-C6 alkyl, CrC 6 

alkoxy, Ci-Ce alkylamino, Ci-C 6 alkylcyano and d-Ce alkylthio; 
R 2 , and I^i are both NH 2 ; 
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R 3 is selected from the group consisting of H, Ci-C 6 alkyl, (C1-C4 alkyl)OH, 
and(CrC 4 alkyl)NH 2 ; 

R22 is selected from the group consisting of Ci-Ce alkyl, (C1-C4 alkyl)OH and 
(C r C 4 alkyl)NH 2 ; 

5 R23 is selected from the group consisting of H, F, C0 2 H, OH, C1-C6 alkyl, (Ci- 

C4 alkyl)OH, and (C1-C4 alkyl)NH 2 ; 

R 24 is selected from the group consisting of H, F and PO3H2, or R 23 together 
with R 24 and the carbon to which they are attached form a carbonyl group; 

R 25 , R 7 and Rg are independently selected from the group consisting of O, S, 
10 CHR26, CHR26, NR 26 , and N; 

wherein R26 is H, F or Ci-C 4 alkyl; 
R15 is selected from the group consisting of hydroxy, phosphonate, and 
R12 

II /OH 
— X— P. 

X)H; 

wherein R12 is selected from the group consisting of O, NH and S; 
15 X is selected from the group consisting of O, NH and S; 

y and m are integers independently ranging from 0 to 4; 
p and q are integers independently ranging from 1 to 10; 
n is an integer ranging from 0 to 10; 
or a pharmaceutical^ acceptable salt or tautomer thereof, with the proviso that W and 
20 Y are not both methylene. 

25. A method of prbvTdingii^^ to a patient in need - 

thereof, said method comprising the step of administering to said patient a 
composition comprising a compound represented by the formula: 
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^16 Rl7 



wherein 

W is CR2 7 R28 or (CH 2 )nNH (CO); 

wherein R27 and R 2 s are independently selected from the group 
5 consisting of H, halo and hydroxy; 

Y is selected from the group consisting of a bond, CR9R10, carbonyl, NH, O or 

S; 

wherein R* and Rio are independently selected from the group 
consisting of H, halo, hydroxy and amino; 
10 Z is CH 2 , aryl, halo substituted aryl or heteroaiyl; 

R n and Ri 6 are independently selected from the group consisting of Ci-Cig 
alkyl, C2-C18 alkenyl, C2-C18 alkynyl, C 5 -Ci 8 alkoxy, (CH 2 ) p O(CH 2 ) q , C5-C10 
(aryl)R 20 , C5-C10 (heteroaryl)R 20 , C5-C10 (cycloalkyl)R 20 , C5-C10 alkoxyCaryl)R2o, C 5 - 
C10 alkoxy(heteroaryl)R 20 and C5-C10 a^oxy(cycloalkyl)R 2 o; 
1 5 wherein R 20 is H or C1-C10 alkyl; 

R 29 is H or halo; 

R 17 is selected from the group consisting of H, halo, NH 2 , Ci-C 6 alkyl. Ci-C 6 
alkoxy, C r C 6 alkylamino, Q-Ce alkylcyano and Ci-C 6 alkylthio; 
R 2 , and Rai are both NH 2 ; 
20 R3 is selected from the group consisting of H, Ci-C 6 alkyl, (C1-C4 alkyl)OH, 

and (C1-C4 alkyl)NH 2 ; 
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R22 is selected from the group consisting of Ci-Ce alkyl, (C1-C4 alkyl)OH and 
(C1-C4 alkyl)NH 2 ; 

R24 is selected from the group consisting of H, F and PO3H2, or R23 together 
with R24 and the carbon to which they are attached form a carbonyl group; 

R25, R7 and R« are independently selected from the group consisting of O, S, 
CHR26, CHR 26> NR 2 6, andN; 

wherein R36 is H, F or C1-C4 alkyl; 

R15 is selected from the group consisting of hydroxy, phosphonate, and 

£12 


— X — P. 


— 


OH 


1 0 wherein R\ 2 is selected from the group consisting of O, NH and S; 

X is selected from the group consisting of 0, NH and S; 
y and m are integers independently ranging from 0 to 4; 
p and q are integers independently ranging from 1 to 10; 
n is an integer ranging from 0 to 10; 
15 or a pharmaceutically acceptable salt or tautomer thereof, with the proviso that W and 
Y are not both methylene, 


26. The method of claim 25 further comprising the step of administering a 
second immunomodulatory agent selected from the group consisting of cyclosporin, 
20 tacrolimus, rapamycin, azathioprine, and corticosteroids such as prednisolone and 
prednisone. 


25 


27. The method of claim 25 wherein the compound has the general 
formula: 

H 


Ml 


NH 2 
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wherein Rj 1 is selected from the group consisting of C1-C22 alkyl, C2- 
C22 alkenyl and C2-C22 alkynyl; 

R3 is selected from the group consisting of NH2, OH, C1-C6 alkyl, (Q-C4 
alkyl)OH, -(C r C 4 alkyl)NH 2 , (C r C 4 alkyl)aryl(Co-C 4 alkyl) and (C1-C4 
5 alkyl)aryloxyaryl(Co-C4 alkyl); 

R« is selected from the group consisting of O, S andN. 
R15 is selected from the group consisting of hydroxy, phosphonate, and 
R12 

II /OH 

-x-p. 

^OH; 

wherein R12 is selected from the group consisting of O, NH and S; and 
10 X is selected from the group consisting of O, NH and S; or a 

pharmaceutical^ acceptable salt or tautomer thereof. 

28. A method of promoting wound healing in a warm blooded vertebrate, 
said method comprising the step of administering a composition comprising a a 
1 5 compound of the general structure: 

S CHR 15 



wherein Rn is C 5 -Ci 8 alkyl or C5-C18 alkenyl; 

is selecteAfrom the. group, consist _ 
cycloalkyl, C 3 -C 6 optionally substituted heterocyclic, C 3 -C 6 optionally substituted 
20 aryl, C3-C6 optionally substituted heteroaiyl and -NH(CO)-; 

R 2 is selected from the group consisting of H, C1-C4 alkyl and (C1-C4 
alkyl)OH; 

R 23 is H or C1-C4 alkyl, and 
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Ris is selected fiom the group consisting of hydroxy, phosphonate, and 

Rl2 

H>OH 
— x— P. 

wherein X and R J2 is selected from the group consisting of O and S; 
or a pharmaceutical^ acceptable salt or tautomer thereof. 

29. The method of claim 28 wherein 

Q is selected from the group consisting of -NH(CO)-, 

O.O.O.O.D.O 
O.O.O.O -O , 

and Ri 5 is selected from the group consisting of hydroxy and 

Rl2 

II /OH 

— o— P. 

^OH • 


10 


wherein R12 is O or S. 

30. . The method of claim 29 wherein 
Q is selected from fee group consisting of 


15 


\=J , \ / , n=N > ^=0 * N==' ,and 


R 15 is OH; 

or a pharmaceutical^ acceptable salt or tautomer thereof. 

31. A method for treating a patient suffering from a disease associated 
20 with abnormal cell growth, said method comprising the steps of administering a a 
compound of the general structure: 
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R 2 NH 2 

wherein R, , is located in the meta or para position and is selected from the 
group consisting of C 5 -Ci 8 alkyl and C5-C18 alkenyl; 

Q is selected from the group consisting of C 3 -C 6 optionally substituted 
5 cycloalkyl, C3-C6 optionally substituted heterocyclic, C 3 -C 6 optionally substituted aryl 
C3-C6 optionally substituted heteroaryl and -NH(CO)-; 

R 2 is selected from the group consisting of H, C1-C4 alkyl and (C1-C4 

alkyl)OH; 

R23 is H or C1-C4 alkyl, and 
10 R15 is selected from Ihe group consisting of hydroxy, phosphonate, and 

II /OH 
— x— P. 

X>H; 

wherein X and R12 is selected from the group consisting of O and S; 
or a pharmaceutically acceptable salt or tautomer thereof. 

1 5 32. The method of claim 3 1 wherein 

Q is selected from Ihe group consisting of -NH(CO)-; 


0,0,0.0 


O.O.O.O -O 

and R15 is selected from the group consisting of hydroxy and 

R 12 


.OH 

-o-p' 

^OH 


20 wherein R12 is O or S. 
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33 . The method of claim 32 wherein 
Q is selected from the group consisting of 

O O ft v O °o 

\=/ , \ / , N=N » x =0 9 >F= / , and 

5 RisisOH; 

or a pharmaceutical acceptable salt or tautomer thereof. 
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Fig 1E 
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Fig2A 
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Fig 2C 
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Fig 2E 
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Fig 3B 
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Fig 3D 
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